FIBER ARRAY AND METHODS 
FOR USING AND MAKING SAME 



This is a continuation-in-part of application Serial No. 09/227,799, 
filed January 8, 1999. 

BACKGROUND OF THE INVENTION 

5 Field of the Invention 

The invention relates generally to micro-arrays for contacting small 
quantities of chemical species. More specifically, the invention relates to micro-arrays 
for contacting an oligonucleotide probe with an oligonucleotide target, a reader for 
reading the micro-array, and a method and apparatus for making the micro-array. 

10 

Description of Related Art 

Presently, micro-arrays are being used for a wide range of applications 
such as gene discovery, disease diagnosis, drug discovery (pharmacogenomics) and 
toxicological research (toxicogenomics). A micro-array is an orderly arrangement of 

15 immobilized chemical compounds. Micro-arrays provide a medium for matching 
known and unknown DNA samples based on base-pairing rules. The typical method 
involves contacting an array of immobilized chemical compounds with a target of 
interest to identify those compounds in the array that bind to the target. Arrays are 
generally described as macro-arrays or micro-arrays, the difference being the size of 

20 the sample spots. Macro-arrays contain sample spot sizes of about 300 microns or 
larger whereas micro-arrays are typically less than 200 microns in diameter and 
typically contain thousands of spots. 

DNA micro-arrays, or DNA (gene) chips are typically fabricated by 
high-speed robotics on glass or nylon substrates, for which probes with known 

25 identity are used to determine complementary binding. A "probe" is a tethered nucleic 
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acid with known sequence, whereas a "target" is the free nucleic acid sample. whose 
identity is being detected. 

One array-based application that requires very high density 
miniaturized arrays is sequencing by hybridization (SBH). In one common format of 
5 SBH (format II), a spatially-addressable array of the complete set of oligonucleotide 
probes of length n is constructed. The oligonucleotide probes are typically covalently 
attached to a flat, solid substrate, such as a glass slide. Each address in the array has a 
unique «-mer attached thereto, and the sequence of the probe is defined by its spatial 
address (pcy coordinates). The array is contacted with a labeled target nucleic acid 

10 under conditions which discriminate between the formation of perfectly 

complementary probe-target hybrids and hybrids containing mismatches. Thus, only 
those addresses of the array which have attached thereto oligonucleotide probes that 
are completely complementary to a portion of the target nucleic acid produce a signal. 
The array is then scanned for signals, the sequences of complementary probes 

15 determined from their spatial addresses, and the sequence of the target nucleic acid 
determined by overlapping the common sequences of the probes. 

Two other SBH formats also exist. In format I SBH, the target nucleic 
acid is immobilized on a solid support, e.g., a nylon or nitrocellulose filter, and the 
immobilized target interrogated with labeled probes. Typically, the target is 

20 interrogated with a single probe at a time, or alternatively with a plurality of probes, 
each of which bears a different distinguishable label (this latter mode is termed 
"multiplexing"). To reduce the number of manipulations required, the target nucleic 
acid can be spotted onto a filter in a grid or array, and each spot or address in the array 
interrogated with a single probe or plurality of multiplexed probes. 

25 In yet another format of SBH, (format DI), an array of immobilized 

oligonucleotide probes similar to that used for format II SBH is contacted with an 
unlabeled target nucleic acid under conditions which discriminate between perfectly 
complementary and mismatched hybrids. The array is then contacted with a labeled 
probe under conditions which discriminate between perfectly complementary and mis- 

30 matched labeled probe target complexes. Following hybridization, the array is 

subjected to conditions which covalently join probes which are hybridized adjacently 
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to the target (e.g., a ligase). The unligated labeled probe, and optionally target nucleic 
acid, is then washed away. The array is then scanned for signal. Since the solution- 
phase probe was labeled, only those addresses where [ligatia] ligation took place 
produce a signal. The sequence of the target nucleic acid is determined by 
5 overlapping the common sequences of the ligated probes. 

For a review of the three types of SBH and their respective advantages, 
see U.S. 5,202,231; U.S. 5,525,464; WO 98/31836; WO 96/17957 and the references 
cited therein. 

The length of target nucleic acid which can be sequenced using SBH 

10 techniques depends on the lengths of the oligonucleotide probes. Generally, 

sequencing a target nucleic acid a few hundred nucleotides in length requires the 
oligonucleotide probes to be at least 8 nucleotides in length. Sequencing longer target 
nucleic acids, or sequencing though regions of tandem repeats, requires even longer 
probes. Some have estimated that sequencing a target nucleic acid over one thousand 

15 nucleotides in length would require oligonucleotide probes of at least 12 to 14 
nucleotides in length. Because the methods require the use of complete sets of 
probes, i.e., every possible sequence of length «, the probe sets required for the 
method are extremely large. For example, the complete set of 8-mer probes consists 
of 4 8 or 65,356 unique sequences. The complete set of 10-mer probes consists of 4 10 

20 or 1,048,576 unique sequences and the complete set of 14-mer probes consists of 4 14 or 
268,435,456 unique sequences. In order to make the assays practical, the entire probe 
array must typically be on the order of 1 cm 2 in area. 

To meet the needs of applications requiring high-density miniaturized 
arrays of immobilized compounds, such as SBH and its related applications, two 

25 general methods have been developed for synthesizing the immobilized arrays: in situ 
methods in which each compound in the array is synthesized directly on the surface of 
the substrate and deposition methods in which pre-synthesized compounds capable of 
being covalently attached to the surface of the substrate are deposited, typically by 
way of robot dispensing devices, at the appropriate spatial addresses. The in situ 

30 methods typically require specialized reagents and complex masking strategies, and 
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the deposition methods typically require precise robotic delivery of very defined 
quantities of reagents. 

For example, Fodor et aL 9 1991, Science 251:767-773 describe an in 
situ method which utilizes photo-protected amino acids and photo lithographic 
5 masking strategies to synthesize miniaturized, spatially-addressable arrays of peptides. 
This in situ method has recently been expanded to the synthesis of miniaturized arrays 
of oligonucleotides (U.S. Patent No. 5,744,305). Another in situ synthesis method for 
making spatially-addressable arrays of immobilized oligonucleotides is described by 
Southern, 1992, Genomics 13:1008-1017; see also Southern & Maskos, 1993, Nucl. 

10 Acids Res. 21:4663-4669; Southern & Maskos, 1992, Nucl. Acids Res. 20:1679- 
1684; Southern & Maskos, 1992, Nucl. Acids Res. 20:1675-1678. In this method, 
conventional oligonucleotide synthesis reagents are dispensed onto physically masked 
glass slides to create the array of immobilized oligonucleotides. 

U.S. Patent No. 5,807,522 describes a deposition method for making 

15 micro arrays of biological samples that involves dispensing a known volume of 

reagent at each address of the array by tapping a capillary dispenser on the substrate 
under conditions effective to draw a defined volume of liquid onto the substrate. 

One of the biggest drawbacks of both the in situ and deposition micro 
fabrication techniques is the inability to verify the integrity of the array once it has 

20 been fabricated. Absent analyzing the compound immobilized at each address, the 
integrity of the deposition chemistry simply cannot be verified. Such an analysis 
would be extremely labor intensive, and may even be impossible for extremely high- 
density arrays, as the quanti ty of compound immobilized may not be sufficient for 
analysis and subsequent use. 

25 Moreover, since each array is fabricated de novo, the integrity of each 

array synthesized is suspect. Without being able to verify that the array has been 
fabricated with high fidelity, the absence of a signal at a particular address cannot be 
unambiguously interpreted. The absence of signal could be due to a failed synthesis 
or immobilization at that address. 

30 Deposition methods suffer additional drawbacks, as well. Automatic 

deposition generally uses a robotic fluid delivery system. The robot moves to specific 
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locations on the microcard, delivering a specified amount of fluid. The fluid, is 
deposited onto the microcard by either a non-contact ejector (such as ink jet nozzles) 
or a contact ejector (such as a pen, quill, or fiber) which actually touches the 
microcard surface to release the fluid. Ink jets, pens, and quills are adaptations of 
5 common devices, and each have reliability problems. Ink jets work fine when the 
fluid has been carefully optimized for the nozzle. However, when depositing many 
different fluids through the same nozzle, optimization of each fluid is impractical. 
Pens and quills are very useful for deposition onto a small number of plates but are 
too slow for cost-effective production. While a fiber piston delivery system shows 

10 promise as a reliable means of fluid deposition, it requires an unwieldy number of 
fibers for a very large number of reaction sites. 

In addition to problems with the reliability of ejectors, the total time to 
deposit thousands of different probe fluids with existing automated ejector devices 
increases the cost of a microcard beyond the cost of other approaches, i.e. the 

15 automated process is not cost-effective. Somewhat surprisingly, this is not due to the 
speed of fluid deposition by the robot, which is relatively fast. Rather, it is the 
combination of other on-line procedures such as wicking, cleaning, and loading slides 
that makes the total deposition time unacceptable. To have thousands of independent 
probe liquids means that the robot can only deposit a few spots on one slide (assuming 

20 some duplication) before it has to load (wick) another probe fluid into the reservoirs 
of its ejector or quill. Wicking usually involves providing an open vessel containing 
the probe fluid such that the robot can move the ejector/quill into the fluid and load 
the fluid through vacuum or capillary action into a reservoir in the ejector/quill. This 
process can take several seconds, and must be conducted whenever dispensing a new 

25 probe fluid. Also, before introducing a new probe fluid, the ejector/quill must be 

cleaned to prevent contamination of the new probe fluid with the previous one. This 
cleaning usually involves flushing the ejector/quill with a cleaning solvent and drying 
them with flowing gas. The cleaning process also takes several seconds and must be 
conducted whenever dispensing a new probe fluid. Furthermore, the loading (and 

30 unloading) of slides into the robot's workspace also adds to the overall processing 
time. Since wicking, cleaning, and loading are on-line procedures, they all add to the 
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total time of deposition. Spotting many slides at a time improves the robotic 
deposition time but still requires the same wicking and cleaning time before 
depositing a different fluid. Therefore, wicking, cleaning, and loading time alone 
make the process too time consuming and expensive to consider as a viable 
5 alternative. 

Consequently, neither in situ nor existing automated approaches are a 
reliable or cost-effective means of mass-producing micro arrays. Therefore, there is a 
need for methods of making microarrays that avoid the problems associated with 
currently available in situ and deposition methods and which provide a matrix or array 

10 of contact points for contacting small quantities of at least two chemical species. 
Furthermore, there is a need for a more advantageous structure for the micro arrays 
that can provide an increased number of mix points as well as an improved contact 
efficiency between the chemical species. 

Machines for synthesizing chemical chains or compounds onto a solid 

1 5 substrate have been in existence for many years. Typically such synthesizers make 
oligonucleotides by adding one phosphoramodite (base) at a time onto solid beads. 
The bases, A, T, C or G, are strung together into a chain of the desired sequence and 
length. The process of adding these bases may vary from manufacturer to 
manufacturer. The solid substrate is usually a batch of small polystyrene or glass 

20 beads (typically less than 1 mm diameter). A plurality of beads are placed in a 
container and fluids are passed through the beads. The process usually comprises 
adding these bases by the following process (1) detritylation, (2) applying base A, T, 
C or G, (3) adding an activator, (4) applying caping agent A and B, (5) washing with a 
first solvent, (6) applying an oxidizer, and (7) washing with a second solvent. This 

25 process adds one base onto the beads and is repeated for each base desired. The only 
process variable is the base A, T, C or G which is determined by the compound or 
chain desired. After all the desired bases are added, the oligos are cleaved (separated) 
from the beads by an ammonia solution. An extraction process, such as High-pressure 
Liquid Cromotography (HPLC), separates and purifies the oligos from the ammonia. 

30 The final oligo product is in a liquid form that is often marked and stored before being 
used or sold. The user, typically using a robot, must then conduct another set of steps 
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to deposit and immobilize the liquid oligos onto a solid substrate for analysis - 
purposes. 

The disadvantage with existing synthesizers is that the final product is often 
not application ready. The product is in a liquid form that must typically be 
5 inventoried, stored, and usually reapplied onto another substrate, such as a titer-plate 
or micro-slide, to be analyzed. A more efficient process would be to synthesize the 
oligos on the same substrate that is ultimately analyzed. Furthermore, if the synthesis 
process could be automated such that the substrate is continuously fed through the 
solution, rather than the solution being fed through the substrate, the synthesized 
10 product could be placed directly onto the analysis device without the need for 
inventory, storage, or re-application. 

SUMMARY OF THE INVENTION 
According to one aspect of the invention there is provided a fiber array 

15 for contacting at least two chemical species. The fiber array comprises a support plate 
having a channel for receiving a mobile chemical species and a fiber, having a second 
chemical species immobilized thereon, disposed on the support plate. At least a 
portion of the fiber is exposed to the channel such that the mobile chemical species is 
capable of contacting the second chemical species. More specifically, the fiber array 

20 may be constructed as a matrix of multiple parallel fibers disposed perpendicular to 
multiple parallel channels, thereby creating a matrix of contact points or mix points 
between each fiber and each channel. 

The invention also provides a method for contacting at least two 
chemical species and for analyzing the contact between the at least two chemical 

25 species. The method for contacting the chemical species comprises immobilizing a 
chemical species on a fiber, placing the fiber on a support having a channel, and 
disposing a second, mobile chemical species into the channel such that the mobile 
chemical species contacts the fiber. The method for analyzing the contact between the 
two chemical species, comprises immobilizing an immobilized chemical species on at 

30 least a first one of a plurality of optical fibers, placing the plurality of fibers on a 
support having a plurality of channels, disposing a mobile chemical species into at 
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least a first one of the plurality of channels such that the mobile chemical species 
contacts at least the first one of a plurality of optical fibers, directing light into an end 
of the at least first one of a plurality of optical fibers, and viewing the excitation light 
emitted from the surface of at least first one of a plurality of optical fibers. It should 
5 be appreciated that the excitation light is that light emitted from the fiber and may also 
be referred to below as binding light that is produced as indicative of an interaction 
between two chemical species. 

The invention also provides a method for making a microchip having a 
plurality of contact points, comprising immobilizing each of a plurality of known 

10 chemical species on a separate fiber and placing each of the fibers on a support having 
a plurality of parallel and fluidly independent channels for receiving an analyte, 
wherein the plurality of fibers are arranged in parallel on the support and substantially 
normal to the plurality of channels, thereby forming a matrix of contact positions 
between a portion of each of the fibers and each of the plurality of channels, such that 

15 each of the fibers is contacted by the analyte. 

The invention also provides an apparatus for detecting the binding of 
the two chemical species. The apparatus comprises a photo-detector for receiving 
excitation light emitted from a mobile chemical species bound to an immobilized 
chemical species on a fiber. The apparatus also comprises a light source, a focusing 

20 lens for directing the light to an end of the fiber, and an electrical measuring device 
electrically connected to the photo-detector. 

According to the invention there is furthermore provided a method for 
detecting the binding of two chemical species, comprising the steps of directing light 
to a fiber having an immobilized chemical species that has been contacted with a 

25 mobile chemical species, and detecting excitation light emitted from the chemical 
species bound to the immobilized chemical species. 

In another aspect of the invention, a fiber wheel mixing apparatus is 
provided for contacting at least two chemical species. The fiber wheel mixing 
apparatus comprises a wheel having a perimeter sidewall, at least one fiber disposed 

30 on the perimeter sidewall, and an immobilized chemical species disposed on the fiber. 
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Methods for making the fiber wheel mixing apparatus and for using the fiber wheel 
mixing apparatus are also provided. 

The fiber wheel mixing apparatus of the present invention presents a 
low-cost method for contacting two or more chemical species. Each wheel can 
5 include hundreds to thousands of fiber segments providing hundreds to thousands of 
mix points. By preparing and storing such wheels in advance, a customized fiber 
wheel mixing apparatus can be rapidly prepared to provide hundreds of thousands to a 
million mix points or more. This type of mass contacting apparatus provides a 
significantly enhanced throughput over typical conventional spotting techniques. The 

10 throughput would also scale linearly with the length of the fiber and the number of 
fibers disposed on each wheel. Furthermore, by employing multiple wheels, multiple 
samples can be simultaneously mixed and tested. Because the processing time for 
multiple samples is not much greater than that for processing a single sample, labor 
cost per sample can also be reduced. 

15 According to the invention there is further provided an apparatus for 

synthesizing a chemical compound on a fiber, comprising at least one depositor 
capable of depositing a chemical species precursor on a fiber, a transporter for 
bringing the fiber and the chemical species precursor into proximity with one another 
such that the chemical species precursor is deposited on the fiber, and a selector for 

20 controlling the order in which each of a plurality of chemical species precursors is 
deposited on the fiber, whereby a predetermined chemical species is synthesized on 
the fiber. 

Still further according to one aspect of the invention there is provided a 
method for synthesizing the chemical species on the fiber comprising the steps of 
25 determining an order for depositing a plurality of chemical species precursors on a 
fiber, and depositing each of the precursors on the fiber in the order to synthesize a 
predetermined chemical species. 

Finally, according to the invention there is provided a method for 
analyzing the contact between two chemical species comprising the steps of 
30 synthesizing a predetermined chemical species on a fiber, contacting the fiber with a 
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mobile chemical species, passing light to the fiber, detecting excitation light .emitted 
from the fiber. 

The invention further provides a system for reading a microchip. The 
system comprises a plurality of optical fibers each having a polynucleotide probe 
5 immobilized thereon and each having a first end. The system also includes a support 
for the plurality of fibers having a plurality of parallel and fluidly independent 
channels for receiving a first analyte, wherein the plurality of fibers are arranged in 
parallel on the support and substantially normal to the plurality of channels, thereby 
forming a matrix of contact positions between each of the fibers and each of the 

10 plurality of channels, such that each of the fibers is contacted by the first analyte. The 
system further comprises a light source for generating light, a focusing lens for 
focusing the light on an end of each of the fibers, a light detecting device positioned to 
receive the excitation light emitted from each of the contact positions, and a motion 
device connected to the support to align each of the ends with the light. 

15 Other features and advantages of the invention will appear from the following 

description from which the preferred embodiments are set forth in detail in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 FIG. 1 is a top plan view of a fiber array according to the present 

invention; 

FIG. 2 is a cross-sectional view along line 2-2 of the fiber array of FIG. 
1 according to the present invention; 

FIG. 3 is a cross-sectional view along line 3-3 of the fiber array of FIG. 
25 1 according to the present invention; 

FIG. 4 is a top plan view of another embodiment of a fiber array 
according to the present invention; 

FIG. 5 is a cross-sectional view along line 5-5 of the fiber array of FIG. 
4 according to the present invention; 
30 FIG. 6 is a cross-sectional view of another embodiment of the fiber 

array 10A of FIG. 4; 
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FIG. 7 is a cross-sectional view along line 6-6 of the fiber array of FIG. 
4 according to the present invention; 

FIG. 8 is a top plan view of a device for moving the fluid through the 
channels of a fiber array according to the present invention; 
5 FIG. 9 is a top plan view of another embodiment of a fiber array 

according to the present invention; 

FIG. 10 is a cross-sectional view of a fluid dispensing device for use a 
the fiber array according to the present invention; 

FIG. 1 1 is a perspective view of a portion of another embodiment of a 
10 fiber array according to the present invention; 

FIG. 1 1 A is a perspective view of a portion of yet another embodiment 
of a fiber array according to the present invention; 

FIG. 12 is a schematic of an embodiment of a fiber array reader 
according to the present invention; 
15 FIG. 13 is a schematic of the interface between the light source and the 

fiber shown in FIG. 1 1 ; 

FIG. 14 is a perspective view of an embodiment of a plurality of 
channels used in a fiber array according to the present invention; 

FIG. 1 5 is an end view of another embodiment of a plurality of 
20 channels used in a fiber array according to the present invention; 

FIG. 16 is an side view of the embodiment shown in FIG. 14; 

FIG. 17 is another embodiment of a fiber array reader according to the 
present invention; 

FIG. 18 is yet another embodiment of a fiber array reader according to 
25 the present invention; 

FIG. 19 is another embodiment of a fiber array according to the present 

invention; 

FIG. 20 is a perspective view of a wheel according to one embodiment 
of the present invention; 
30 FIG. 21 is a perspective view of a cylinder according to one 

embodiment of the present invention; 
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FIG. 22 is a cross-sectional view of a wheel coupled to a wheel rotation 
device according to one embodiment of the present invention; 

FIG. 23 is a cross-sectional view of a container coupled to a container 
rotation device according to one embodiment of the present invention; 
5 FIG. 24 is a cross-sectional view of a fluid delivery system according 

to one embodiment of the present invention; 

FIG. 25 is a cross-sectional view of a fiber wheel mixing system 
according to one embodiment of the present invention; 

FIG. 26 is a top plan view of the fiber wheel mixing system of FIG. 25; 
10 FIG. 27 is a light evaluating system according to one embodiment of 

the present invention; 

FIG. 28 is another embodiment of the light evaluating system of FIG. 

27; 

FIG. 29 is yet another embodiment of a light evaluating system 
1 5 according to the present invention; 

FIG. 30 is a cross-sectional view of another embodiment of a fiber 
wheel mixing system including a wheel assembly and a multi-cavity container 
according to the present invention; 

FIG. 3 1 is another cross-sectional view of the fiber wheel mixing 
20 system of FIG. 30; 

FIG. 32 shows one embodiment for preparing a fiber for use in a fiber 
array according to the present invention; 

FIG. 33 shows another embodiment for preparing a fiber for use in the 
fiber array according to the present invention; 
25 FIG. 34 is a diagrammatic view of the invention; 

FIG. 35 is a side view of one embodiment of the invention; 

FIG. 36 is a side view of another embodiment of the invention; 

FIG. 37 is a side view of yet another embodiment of the invention; 

FIG. 38 is a perspective view of a preferred embodiment of the 

30 invention; 
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FIG. 39 is an enlarged perspective view of the fiber cutt ing device 
illustrated in FIG. 38; 

FIG. 40 is a side view of the coating module illustrated in FIG. 38; 
FIG. 41 is a side view of the stacked coating modules illustrated in 

5 FIG. 38; 

FIG. 42 is an enlarged side view of the deprotection module illustrated 

in FIG. 38; 

FIG. 43 is an enlarged side view of another embodiment of a coating 
module according to the present invention; and 
10 FIG. 44 is a perspective view of the embodiment of the invention 

illustrated in FIG. 43. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The fiber array of the present invention provides a simple and reliable 

15 system for contacting at least two chemical species. Through the use of fibers, the 
fiber arrays of the invention provide myriad advantages over currently available 
micro-arrays. For example, fibers having one or a plurality of chemical species 
immobilized thereon can be prepared in advance and stored, thereby permitting rapid 
assembly of customized arrays. Quite significantly, customized arrays comprising 

20 different types of chemical species can be prepared as conveniently and rapidly as 
arrays comprised of a single type of chemical species. 

Moreover, the arrays of the invention provide reliability that is , 
presently unattainable in the art. For the conventional described above, verifying the 
integrity of the array prior to use is virtually impossible - chemical species 

25 immobilized at each spot in the array would have to be individually analyzed - a task 
which would be quite labor intensive and, given the small quantities of chemical 
species immobilized at a spot, may even be impossible. In the arrays of the instant 
invention, the integrity of the chemical species immobilized on a fiber can be 
determined by simply analyzing a small portion of the entire fiber. Thus, through the 

30 use of fibers, the invention provides, for the first time, the ability to construct arrays of 
from a few to as many as thousands, millions, or even billions of immobilized 
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compounds rapidly, reproducibly, and with a degree of fidelity that is unprecedented 
in the art. 

In addition, because the chemistry for fabricating an array can be 
performed in advance, the fiber array of the present invention also avoids wicking, 
5 cleaning, and on-line loading associated with immobilizing the chemical with current 
deposition methods. 

Construction of the fiber array is relatively simple. The placement of 
the fiber on the array is generally only sensitive in one direction, since each fiber can 
be placed anywhere along its axis. Spotting a micro-array, however, requires the 

10 handling of thousands of drops which have to be placed in very specific locations 
defined by two dimensions. Furthermore, spotting may result in contamination 
between contact points, whereas, fibers, each having different chemical species 
immobilized thereon, may be placed next to each other with a reduced potential for 
such contamination. In situ methods require the development of specialized 

15 chemistries and/or masking strategies. In contrast, the arrays of the present invention 
do not suffer from these drawbacks. They can take advantage of well-known 
chemistries, and do not require deposition of precise volumes of liquids at defined xy- 
coordinates. The size of the fiber array of the present invention also allows for a large 
number of contact points with a relatively small array, thereby reducing the costs of 

20 making the array. The fiber array of the present invention also provides for a large 
number of contact points without the need for significant duplication. 

Use of the fiber array of the present invention allows the first chemical 
to be easily dispensed into channels in the array in order to contact the fibers. In 
addition, different chemical species may be dispensed into each of the channels, 

25 which allows each contact point to be unique. Further, preferred fiber arrays of the 
present invention provide for a relatively high signal to noise ratio, since the use of 
fibers with optical properties allows for more controlled illumination of the contact 
points. The fiber array of the present invention is particularly suited for use in 
performing nucleic array by hybridization assays for applications such as sequencing 

30 by hybridization and detecting polymorphisms among others. 
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FIGS. 1-3 are various views of one embodiment of a fiber array 
according to the present invention. FIG. 1 is a top plan view of a fiber array 100 
comprising a support plate 102, a pair of end walls 104, 202 and a plurality of channel 
walls 106 which extend from one end of the support plate 102 to the opposite end. 
5 The channel walls 106 form a plurality of channels 108, which also extend from one 
end of the support plate 102 to the opposite end, for receiving a fluid, containing a 
chemical species of interest. Preferably, the channel walls 106 and the channels 108 
are essentially parallel. 

The fiber array 100 further comprises a plurality of fibers 110 each 

1 0 having immobilized thereon a chemical species of interest to be contacted with the 
chemical species dispensed in the channels 108. The fibers 110 are disposed on the 
plurality of channel walls 106 such that each fiber 1 10 is physically separated from 
each adjacent fiber 110. Preferably, the fibers 110 are placed in a position essentially 
parallel to each other and essentially normal to the channels such that a portion of 

1 5 each fiber 1 10 is in fluid contact with the fluid in each channel 108. This arrangement 
of the fibers 110 relative to the channels 108 effectively creates a matrix or array of 
contact points 1 12 or mix points between the chemical species in the fluid in each of 
the channels 108 and the chemical species immobilized on each fiber 110. 

FIG. 2 is a cross-sectional view along line 2-2 of FIG. 1 of the fiber 

20 array 100 according to the present invention. The channel walls 106 are designed to 
receive the fibers 110. As shown, the channel walls 106 have a groove 200 on top of 
the channel walls 106 to receive the fibers 110. This allows the fibers 1 10 to extend 
into the channels 108 to provide for direct contact between at least a bottom portion of 
each of the fibers 110 and the fluid in the channels 108. One of skill in the art would 

25 recognize that a different geometry for the groove 200 can be used based upon the 
geometry of the fibers 110. 

FIG. 3 is a cross-sectional view along line 3-3 of FIG. 1 of the fiber 
array 100 according to the present invention. The channels 108 are formed by the 
channel walls 106 and the top of the support plate 102 and extend along the support 

30 plate 102 until terminated by end walls 104, 202. Again, a bottom portion of each 
fiber 1 10 is exposed to each channel 108 such that placing a fluid in channel 108 will 
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result in contact between the chemical species in the fluid and the chemical species 
immobilized on each of the fibers 110. 

The support plate 102, end walls 104, 202 and channel walls 106 may 
be made of any material that is essentially inert to the chemical species of interest. 
5 One of ordinary skill in the art would be able to select an appropriate material for 
these features. In one embodiment the support plate 102, end walls 104, 202 and 
channel walls 106 may be made of a hydrophobic material to reduce seepage of fluid 
through the channel walls 106, thereby wetting only the fibers 110 and reducing the 
amount of fluid required. It should be appreciated that the dimensions of the support 

10 plate 102, end walls 104, 202 and channel walls 106, including the number of 
channels 108, may be altered depending upon the size of the array desired and the 
amount of fluid available to dispense in the channels 108. However, it is important to 
keep the height of the channel walls 106, the grooves 200, and the distance between 
the channel walls 106 of such relative proportions to insure sufficient exposure of the 

15 surface area of the fibers 1 10 to the fluid in the channels 108. Further, it should be 

appreciated that the thickness of the channel walls 106 may also be altered to optimize 
the overall size of the fiber array 100. Without limiting the dimensions of an array 
that could be made according to the present invention, typical dimensions for the 
support plate may range froml cm to 1000 cm. The thickness of the channel walls 

20 may range from 10 |im to 1000 jxm, and the channel width may range from of 10 \im 
to 1000 nm. The height of the channel walls may range from 10 iim to 1000 jim. 

The fiber 110 can be composed of virtually any material or mixture of 
materials suitable for immobilizing the particular type of chemical species. For 
example, as will be discussed in conjunction with FIG. 12, the fiber may be an 

25 electrically conductive wire. Alternatively, the fiber may be an optical fiber. 

Moreover, the use of the term "fiber" is not intended to imply any limitation with 
respect to its composition or materials of construction or geometry. Preferably, the 
fiber 110 will not melt, degrade, or otherwise deteriorate under the conditions used to 
immobilize the chemical species or under the desired assay conditions. In addition, 

30 the fiber 110 should be composed of a material or mixture of materials that does not 
readily release the immobilized chemical species under the desired assay conditions. 
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The actual choice of material will depend upon, among other factors, the identity of 
the chemical species immobilized and the mode of immobilization and will be 
apparent to those of skill in the art. 

As will be discussed in more detail in conjunction with the preparation 
5 of the fiber 110, below, in embodiments employing covalent attachment of the 
chemical species, the fiber 1 10 is preferably composed of a material or mixture of 
materials that can be readily activated or derivatized with reactive groups suitable for 
effecting covalent attachment. Non-limiting examples of suitable materials include 
acrylic, styrene-methyl methacrylate copolymers, ethylene/acrylic acid, acrylonitrile- 

10 butadiene-styrene (ABS), ABS/polycarbonate, ABS/polysulfone, ABS/polyvinyl 
chloride, ethylene propylene, ethylene vinyl acetate (EVA), nitrocellulose, nylons 
(including nylon 6, nylon 6/6, nylon 6/6-6, nylon 6/9, nylon 6/10, nylon 6/12, nylon 1 1 
and nylon 12), polycarylonitrile (PAN), polyacrylate, polycarbonate, polybutylene 
terephthalate (PBT), polyethylene terephthalate (PET), polyethylene (including low 

15 density, linear low density, high density, cross-linked and ultra-high molecular weight 
grades), polypropylene homopolymer, polypropylene copolymers, polystyrene 
(including general purpose and high impact grades), polytetrafluoroethylene (PTFE), 
fluorinated ethylene-propylene (FEP), ethylene-tetrafluoroethylene (ETFE), 
perfluoroalkoxyethylene (PFA), polyvinyl fluoride (PVA), polyvinylidene fluoride 

20 (PVDF), polychlorotrifluoroethylene (PCTFE), polyethylene-chlorotrifluoroethylene 
(ECTFE), polyvinyl alcohol (PVA), silicon styrene-acrylonitrile (SAN), styrene 
maleic anhydride (SMA), metal oxides, and glass. 

In a preferred embodiment, the fiber 1 10 is an optical fiber. The 
optical fiber is typically between about 10 urn and 1000 (im in diameter and can be 

25 comprised of virtually any material so long as it is an optical conductor at the wave 
length of interest. For example, the optical fiber may be an organic material such as 
polymethacrylate, polystyrene, polymethyl phenyl siloxane, or deuterated methyl 
methacrylate, or it may be an inorganic material such as glass. In certain 
embodiments of the invention, a beam of light directed through such optical fiber can 

30 be used to detect and/or quantify the interaction between the chemical species in the 
fluid and the chemical species on the fibers (described below). 
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It should be appreciated that each fiber 1 10 may actually contain a 
different chemical species, or multiple chemical species, in different positions along 
the fiber 1 10 or in multiple layers on the fiber 110. Therefore, the preparation of each 
fiber 110 and immobilization of the desired chemical species thereto will vary 
5 depending upon the type of fiber 110 used, the mode of immobilization, and the 
identity of the chemical species. Various methods for preparing fibers having a 
variety of chemical species immobilized thereon are discussed in detail in a later 
section. 

The number of fibers 110 comprising fiber array 100 will vary 

10 depending upon the size of the matrix desired or the number of different chemical 
species desired to be reacted with the chemical species in the channels 108. The 
fibers 110 may be almost any length; however, the length should preferably be 
sufficient to traverse all of the channels 108. It should be appreciated, however, that 
the fibers 110 may actually be of any length, diameter, or shape. 

15 In general operation and use of the fiber array 100, a fluid containing 

one chemical species of interest is dispensed into the channels 108. The fluid may be 
dispensed using any method known in the art for dispensing a fluid, such as pumping, 
aspirating, gravity flow, electrical pulsing, vacuum or suction, capillary action, or 
electro-osmosis. (One device for dispensing fluid onto the fiber array 100 is described 

20 below in connection with FIG. 10.) Enough fluid is dispensed to insure contact with 
a portion of some or all of the fibers 110. The fiber is contacted with the fluid under 
conditions and for a period of time conducive to promoting interaction between the 
two chemical species. In instances where excess chemical species in the fluid 
interferes with the detection of the interaction, the fluid may be removed and the 

25 fibers optionally washed prior to detection. The interaction, if any, between the 

chemical species in the fluid and that on the fibers 1 10 is then analyzed at one or more 
contact points 112. 

In some instances such as assays involving hybridization of nucleic 
acids, it may be desirable to control the temperature of the fiber array during the assay. 

30 This can be achieved using a variety of conventional means. For example, if the 
device is constructed of an appropriate conductor, such as anodized aluminum, the 
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device may be contacted with an appropriately controlled external heat source. In this 
instance, the fiber array would act essentially as a heat block. Alternatively, the 
channels 108 could be outfitted with heaters and thermocouples to control the 
temperature of the fluid disposed within the channels. 
5 The method by which the interaction is analyzed will depend upon the 

particular array. For example, where the two chemical species each constitute one 
member of a binding pair of molecules ( for example, a ligand and its receptor or two 
complementary polynucleotides), the interaction can be conveniently analyzed by 
labeling one member of the pair, typically the chemical species in solution, with a 

10 moiety that produces a detectable signal upon binding. Only those contact points 112 
where binding has taken place will produce a detectable signal. 

Any label capable of producing a detectable signal can be used. Such 
labels include, but are not limited to, radioisotopes, chromophores, fluorophores, 
lumophores, chemiluminescent moieties, etc. The label may also be a compound 

15 capable of producing a detectable signal, such as an enzyme capable of catalyzing, 
e.g., a light-emitting reaction or a colorimetric reaction. Preferably, the label is a 
moiety capable of absorbing or emitting light, such as a chromophore or a 
fluorophore. 

Alternatively, both chemical species are unlabeled and their interaction 
20 is indirectly analyzed with a reporter moiety that specifically detects the interaction. 
For example, binding between an immobilized antigen and a first antibody (or visa 
versa) could be analyzed with a labeled second antibody specific for the antigen-first 
antibody complex. For polynucleic acids, the presence of hybrids could be detected 
by intercalating dyes, such as ethidium bromide, which are specific for double- 
25 stranded nucleic acids. 

Those of skill in the art will recognize that the above-described modes 
of detecting an interaction between the two chemical species at a contact point are 
merely illustrative. Other methods of detecting myriad types of interactions between 
chemical species are well known in the art and can be readily used or adapted for use 
30 with the fiber arrays of the present invention. 
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It should be appreciated that since each channel 108 is fluidly. isolated 
from each other channel 108, a different chemical species may be dispensed into each 
channel 108. If each fiber 1 10 has a different chemical species immobilized thereon, 
this would create a matrix of contact points 1 12 in which each contact point 1 12 is 
5 unique. Furthermore, while not a preferred mode of operation, chemical species may 
be serially or simultaneously dispensed into the same channels 108. Sequential 
dispersing is particularly useful, for example, where the chemical species immobilized 
on fiber 1 10 is synthesized in situ on the fiber 1 10. 

FIGS. 4-6 are various views of another embodiment of a fiber array 

10 400 according to the present invention. Fiber array 400 is similar to fiber array 100, 
but with the addition of a cover plate 402. FIGS. 4-6 are essentially the same views as 
FIGS. 1-3, but show a cover plate 402. It should be appreciated that while a cover 
plate is convenient in operation and use of the fiber array, it is not necessary. 

FIG. 4 is a top plan view of fiber array 400, according the present 

15 invention. Cover plate 402 comprises a plurality of channel inlet ports 404, which are 
each fluidly connected to separate channels 108 at one end of the channels 108, and a 
plurality of channel outlet ports 406, which are also each fluidly connected to separate 
channels 108 at the opposite end of the channels 108. The channel inlet ports 404 
provide an opening through which the fluid containing a chemical species of interest 

20 is dispensed into a respective channel 108. The channel outlet ports 406 allow the 

fluid to exit the fiber array 400. Similar to the support plate 102, cover plate 402 may 
be made of any material that is essentially inert to the chemical species of interest, and 
one of ordinary skill in the art would be able to select an appropriate material. 
Further, it should be appreciated that cover plate 402 may be transparent to facilitate 

25 detection of the interaction between the chemical species being contacted. 

FIG. 5 is a cross-sectional view of the fiber array 400 along line 5-5 of 
FIG. 4. The cover plate 402 comprises a pair of end walls 504, 506 which mate with 
the end walls 104, 202, respectively, of the support plate 102. The cover plate 402 
further comprises a plurality of channel walls 508 which also mate with the channel 

30 walls 106 to seal each channel 108 such that fluid cannot pass from one channel to 
another. The channel walls 508 also have grooves 510 for receiving the fibers 1 10. 
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The channel walls 508 and the channel walls 106 also mate to enclose and secure 
those portions of the fibers 1 10 laying within the grooves 510, 200. It should be 
appreciated that the cover plate 402 may be secured to the support plate 102 by any 
method for adhering two materials depending upon their specific composition. For 
5 example, diffusion bonding, inert adhesives, laser or ultrasonic welding, or fasteners 
may all be used. Other methods for securing two structures together are well known 
in the art. 

FIG. 6 is a cross-sectional view of the fiber array 400 along line 6-6 of 
FIG. 4. The channels 108 extend above and below the fibers 110 such that the 

10 longitudinal portions of the fibers 110 exposed to the channels 108 may be surrounded 
by the fluid introduced into the channels 108. The channel outlet ports 46 extend 
through the cover plate 42 to allow the fluid to pass from the channels 108 through the 
cover plate 42 and out of the fiber array 400. The channel inlet ports are constructed 
in a similar fashion to allow the fluid to pass through the cover plate 42 into the 

15 channels 108. 

The operation and use of the fiber array 400 with the cover plate 402 is 
essentially the same as the fiber array 100 without the cover plate 402. However, the 
cover plate 402 fluidly seals each of the channels 108, thereby allowing for other 
methods to be used to move the fluid through the channels 108. For example, a pump 

20 may be used to pressurize the fluid in the channels 108, thereby forcing the fluid 

through the channels. Alternatively, centrifugal force may be used to force the fluid 
through the channels. 

FIG. 7 is a cross-sectional view of another embodiment of the fiber 
array 400 of FIG. 4 illustrating a preferred design for securing the fibers 110 between 

25 the support plate and the cover plate. As shown, support plate 700 comprises grooves 
702 for receiving the fibers 110. Cover plate 704 comprises a plurality of teeth 706 
which correspond and mate with the grooves 702. This configuration allows the 
cover plate to be more easily aligned in securing it to the support plate 700, since any 
tooth 706 may be mated with any groove 702. It should be appreciated that any 

30 design or shape for the teeth and the groove may be used. Moreover, it should be 
appreciated that the fiber array 400 may be constructed without grooves for securing 
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the fibers 1 10, and the fibers may simply be pinched between the support plate and the 
cover plate upon securing the support plate to the cover plate. 

FIG. 8 is a top plan view of a device for moving the fluid through the 
channels 108 of the fiber array 400 having a cover plate 402. Rotating plate 800 is 
5 any device which can be rotated about its center axis. The fiber array 400 is secured 
to the rotating plate 800 such that the channel inlet ports 404 are located near the 
center of the rotating plate 800, and the channels 108 extend radially outward toward 
the outer perimeter of the rotating plate 800. The fiber array 400 may be secured to 
the rotating plate 800 by any means known in the art such as hooks, clips, screws, 

10 bolts, magnets and the like. As the rotating plate 800 is rotated about its axis, 
centrifugal force will move the fluid from the end of the channels 108 near the 
channel inlet ports 404 through the channels 108 toward the channel outlet ports 406, 
thereby moving the fluid past each fiber 110. The channel outlet ports 406 may be 
sealed to prevent the fluid from exiting the fiber array during rotation. It should be 

15 recognized that additional fiber arrays may be placed on the rotating plate 800 at the 
same time. 

FIG. 9 is a top plan view of another embodiment of a fiber array 900 
according to the present invention. The fiber array 900 is similar to the fiber array 
described in connection with FIGS. 1-8, comprising a plurality of fibers 1 10 and a 

20 plurality of channels 902 intersecting the fibers 110. Preferably, the fibers 110 are 

essentially parallel to each other, and the channels 902 are essentially perpendicular to 
the fibers 110. The fiber array 900, however, additionally comprises a plurality of 
channel inlet ports 904 which are each connected to a respective channel inlet line 
906. Each channel inlet line 906 is connected to one end of a respective channel 902 

25 and allows fluid to pass from each of the channel inlet ports 904 to its respective 
channel 902 within the fiber array 900. The opposite end of each channel 902 is 
sealed. 

The channel inlet ports 904 are arranged to facilitate dispensing the 
fluid into each channel inlet port 904 with ease and without resort to techniques and 
30 micro-sized equipment for dispensing fluid into extremely small openings. With a 
larger opening, each channel inlet port 904 can accommodate a larger apparatus for 
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dispensing fluid such as a pipette or syringe, thereby reducing the error associated 
with the transfer of small volumes of fluid. 

To provide such larger openings, the channel inlet ports 904 are 
positioned adjacent to the fiber array 900 and are connected to their respective 
5 channels 902 by a channel inlet line 906. FIG. 9 shows several groups of ten channel 
inlet ports 904, each arranged on alternating sides of the fiber array 900. Each 
channel inlet port 904 within one group is offset in two directions from its adjacent 
channel inlet port 904. Specifically, each channel inlet port 904 is offset in a direction 
parallel to the channels by a distance equivalent to the size of the opening of the 

10 channel inlet port 904 and in a direction parallel to the fibers 1 10 by a distance 

equivalent to one channel width. This necessitates that each channel inlet line 906 
will be of increasing length. However, in this manner the size of the channel inlet 
port 904 can be maintained, as well as the alignment between the channel inlet port 
904, its respective channel inlet line 906 and its respective channel 902. 

15 The channel inlet ports 904 are arranged in this fashion until the width 

of all of the adjacent channel inlet ports 904 in one group, as measured in a direction 
parallel to the fibers, is equivalent to the size of the opening of one channel inlet port 
904. This arrangement of a group of channel inlet ports 904 is then repeated on the 
opposite side of the fiber array 900. This alternating arrangement of groups of 

20 channel inlet ports 904 and their respective channel inlet lines 906 can be continued 
along the fiber array 900 indefinitely. While this is the preferred arrangement of the 
channel inlet ports 904 and their respective channel inlet lines 906, it should be 
appreciated that the channel inlet ports 904 may actually be positioned in any fashion 
along the fiber array 900. 

25 It should be noted that the channels 902 are also positioned in an 

alternating fashion corresponding to the groups of channel inlet lines 906, since one 
end of each channel 902 is sealed. Therefore, in alternating fashion, a number of 
channels 902, equivalent to the number of channel inlet lines 906, will have their open 
ends on one side of the fiber array 900 and the next group of channels 902 will have 

30 their open ends on the other side of the fiber array 900. Further, since the channels 
902 are sealed at one end there is no channel outlet port. Therefore, in operation, a 
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sufficient quantity of fluid is simply dispensed into the channel inlet ports 90.4 and is 
not removed from the channels 902. 

FIG. 10 is a cross-sectional view of a fluid dispensing device for use 
with the fiber array 100 of FIGS. 1-3. The fluid dispensing device 1000 comprises a 
5 fluid dispenser body 1002 which fixedly holds a plurality of fluid dispensers 1004, 
each having a fluid dispenser opening 1006. Each fluid dispenser 84. is aligned over a 
channel 108 such that there is one fluid dispenser 1004 for each channel 108. It 
should be appreciated, however, that a greater or lesser number of fluid dispensers 
1004 may be used to feed additional channels or to provide more than one dispenser 

10 per channel. Fluid is fed to each fluid dispenser opening 1006 by a fluid feed line 
1008 which is fluidly connected to a fluid delivery system 1010. The fluid delivery 
system 1010 may be any system known in the art that is capable of metering and 
delivering fluid to a fluid line, such as a pump, an aspirator, by capillary action, by 
moving a given quantity of fluid from a reservoir through the fluid feed lines 1008 

15 and out of the fluid dispenser openings 1006. The fluid dispenser openings 1006 
permit the fluid to be disposed either into the channels 108 or onto the fibers 110. 
The dispenser openings 1006 may be simply openings at the end of the fluid feed line 
1008, nozzles, pipette tips, syringe or needle tips, capillary tubes, quills, or ink jets. 
Other devices through which a fluid is conveyed are well known in the art. It should 

20 be appreciated that the fluid delivery system 1010 should also have the capability of 
metering and delivering different fluids to each of the fluid feed lines 1008. This 
permits the ability to contact each of the fibers with a different chemical species. 

The fluid dispenser body 1002 is connected to a motion device 1012 
which acts to move the fluid dispenser body 1002 in a direction parallel to the 

25 channels 108. This permits the fluid dispensing device 1000 to dispense fluid at 
various locations along each channel 108 or onto each fiber 110. In addition, the 
motion device 1012 may move the fluid dispenser body 1002 in a direction parallel to 
the fibers. This allows for the use of fewer fluid dispensers 1004, since a given set of 
fluid dispensers 1004 may be moved and aligned to dispense fluid into another set of 

30 corresponding channels 108. The motion device 1012 may be any type of mechanical 
device which operates to move an object within a horizontal plane, such as a conveyor 
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or a rotating screw system to certain xy-coordinates. Motion devices of this tx^pc are 
well known in the art. 

In operation, a chemical species to be contacted with the chemical 
species immobilized on the fibers 110 may be placed in a carrier fluid held in a 
5 reservoir within the fluid delivery system 1010. Upon demand, for example by 

computer control, the fluid dispenser body 1002 is moved to a desired location above 
the fiber array 100, and the fluid delivery system 1010 delivers the fluid to the fluid 
dispensers 1004 and ultimately to the respective channels 108 or onto the respective 
fibers 110. Depending upon the geometry of the fiber array and the volume of the 

10 channels 108, the amount of fluid dispensed will vary; however, a sufficient amount 
of fluid should be dispensed to insure adequate contact with the fibers 110. The fluid 
dispenser body 1002 can then be moved to another location, either along the same 
channel 108 or to a different channel 108 to dispense additional fluid. It should be 
appreciated that each fluid dispenser 1004 may dispense a different fluid, or a second 

15 fluid may be dispensed after the first fluid is dispensed. In this latter case, rinsing of 
the fluid feed lines 1008 and the fluid dispensers 1004 before dispensing the second 
fluid may be appropriate. 

FIG. 1 1 is a perspective view of a portion of another embodiment of a 
fiber array according to the present invention which uses electro-osmosis to move a 

20 fluid through the channels of the fiber array to assist in contacting the fluid and the 
fibers. The fiber array 1 100 is essentially the same as those previously described; 
however, the fibers 1110 are conductive. The fibers 1110 may be made conductive by 
applying a conductive coating (not shown), which underlies the chemical species (not 
shown) immobilized on the fibers 1110, such as silver or gold. Alternatively, the 

25 fibers 1110 may be made conductive by constructing the fiber 1110 itself of a 

materially that is electrically conductive and which optionally transmits light, such as 
indium tin oxide. A conductive contact 1116 surrounds the fibers 1 1 10 at the edge of 
the support plate 1118. The conductive contact 1116 serves as a means for 
electrically connecting a power supply 1 124 to each of the fibers 1110 using wires 

30 1 122. Wires 1 126 connect the power supply 1 124 to the fluid in channels 1 120 
thereby completing the circuit. 
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In operation, the fibers 1110 would be charged and made electrically 
conductive by supplying power from the power supply 1 124 to the conductive contact 
1 1 16 of each fiber 1110, and therefore, to the conductive coating of each fiber 1110. 
The fluid dispensed into the channels 1 120 would comprise, in addition to the 
5 chemical species of interest, an electrolyte that would be in contact with the power 
supply 1 124 using wires 1 126, thereby completing the circuit. The application of 
power to the fibers 1 1 10 causes the fluid containing the chemical species of interest to 
move through the channel 1 120 through electro-osmosis. Power may then be supplied 
to an adjacent fiber to move the fluid further along the channel 1 120. It should be 

10 appreciated that power may be supplied sequentially to single fibers or to groups of 
fibers. It should also be appreciated that the voltage necessary for electro-osmosis 
may vary with the electrolyte used, the chemical species of interest and the materials 
used to construct the channel walls, which preferably should be non-conductive, such 
as glass or plastic. Typical voltages applied to the fibers may range from a few volts 

15 to several kilo volts. Therefore, power supply 1 124 must be capable of providing such 
a range of voltages. 

Additionally, electrophoretic forces may be used to provide a greater 
degree of contact between the chemical species of interest in the fluid and those 
immobilized on the fiber. Using the embodiment of FIG 11, the polarity of the fiber 

20 and the electrolytic fluid may be reversed using the power supply 1 124 in an 

oscillating fashion at frequencies in the kilohertz range. By reversing the polarity in 
an alternating fashion, the chemical species of interest in the fluid may be drawn 
closer to the chemical species on the fiber and then pushed away in the event that the 
desired interaction does not occur. The process of drawing the chemical species in the 

25 fluid close to the fiber may increase the efficiency of contact between the chemical 
species. The process of pushing the chemical species in the fluid away from the fiber 
may increase the accuracy of the interactions by reducing the number of false 
interactions wherein an interaction is detected due to non-specific binding to the fiber, 
but not a true interaction between the chemical species of interest. The voltages and 

30 oscillating frequencies necessary to accomplish this will be dependent upon the 
composition of the fluid and the chemical species of interest. It should be 



CAl -233524.1 



appreciated, however, that the force used to push the chemical species in the fluid 
away from the fiber must not be so great as to disrupt a true interaction with the 
chemical species on the fiber. The use of electrophoresis is further described in U.S. 
Patent Nos. 5,605,662 and 5,632,957, both of which are incorporated herein by 
5 reference. 

FIG. 1 1 A is a perspective view of a portion of yet another embodiment 
of a fiber array according to the present invention. In this embodiment, the wires 
1 122 may be positioned within the fluid at the end of the channel distal from the end 
where wires 1 126 are positioned. Both sets of wires 1 122 and 1 126 are connected to 

10 the power supply 1 124, thereby completing the circuit. In addition, it should be 
appreciated that the invention may easily be adapted to provide a charged surface, 
using, for example, a channel wall, that enables electro-osmosis or electrophoresis. 

As described above, the fiber array of the present invention is used to 
contact at least two chemical species and to detect and/or quantify an interaction 

15 between these species. One of skill in the art would be able to select an appropriate 
detection method for use with the fiber array of the present invention, such as those 
previously described. In some cases, especially those instances where the interaction 
between the chemical species in solution and that immobilized on the fiber cause a 
difference in the absorbance or emission of light, such as those instances where the 

20 chemical species disposed within the channels 108 are labeled with a fluorophore, it is 
desirable to measure the amount and/or wavelength of light emanated from each of 
the contact points 1 12 as a result of the interaction between the chemical species in 
the channels 108 and on the fibers 110 using a light evaluating device such as the 
human eye, a camera, or spectrometer. To accomplish this, the entire support plate 

25 102 may be illuminated; however, this may create undesirable background 

illumination and reduce the signal to noise ratio in the light evaluating device. 
Therefore, it may be desirable to more selectively illuminate a portion of the fiber 
array, for example a single fiber or a group of fibers for evaluation, thereby providing 
greater distinction between contact points 112. 

30 FIG. 12 is a schematic of an embodiment of a fiber array reader 1200 

according to the present invention. The fiber array 1202 may be the same as the fiber 



CAl -233524.1 



array 100 shown in FIGS. 1-3, the fiber array 400 having a cover plate 402 as'in FIGS. 
4-6, or the fiber array 900 as in FIG. 9; however, the fibers 1 10 are optical fibers. For 
purposes of the present invention, an optical fiber is any material used as a fiber which 
is transparent to a given wavelength or wavelengths of light. The fiber array reader 
5 1200 consists of a light source 1204, such as an excitation laser or an arc lamp, which 
produces a beam of light having the desired wavelength, which is directed to the end 
of a fiber 1 10. A motion device 1206 is used to move the light source 1204 and the 
fiber array 1202, relative to one another. Either the light source 1204 is moved, the 
fiber array 1202 is moved, or both are moved relative to one another by the motion 

10 device 1206. Any motion device 1206 known in the art may be used such as a stepper 
motor or a conveyor powered by a reversible motor capable of moving the conveyor 
back and forth. A motion detection system with motion sensors (not shown), such as 
infrared light sensors, may be used to monitor the position of the motion device 1206. 
The reader 1200 may further comprise light evaluating devices or detectors 1208 

15 which may comprise any device capable of receiving and at least qualitatively 

evaluating light such as the human eye, a camera (e.g., confocal or CCD camera) or a 
spectrometer. The detectors 1208 are positioned above contact or mix points 112 
which occur at the intersection of the fibers 110 and the channels 108. The reader 
1200 may also include a heater 1212 to ramp temperature as will be discussed infra in 

20 relation to FIG. 17. 

In operation, a fluid is inserted into input holes 1210 at one end of a 
channel 108. The fiber 1 10 is thereby contacted with the fluid containing a chemical 
species under conditions conducive to interaction between the chemical species 
immobilized on fiber 110 and the chemical species in solution. Each channel may 

25 receive a different or similar fluid. 

FIG. 13 is a schematic view of the interface between the light source 
1204 and the fiber 110 shown in FIG. 12 once the fluid containing a chemical species 
has contacted the fiber 110. The light source 1204 generates light rays 1300 that are 
focused by a lens 1302 into an end of a given fiber 1 10 (or group of fibers) and that 

30 reflect internally inside of the fiber 1 10. A preferred lens 1302 is a cylindrical lens 
that forms the rays 1300 into a focal point 1304 at the end of the fiber 110. The focal 
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point 1304 may form a plane perpendicular to the fiber 1 10 so that of the fiber 1 10 
and the light source 1204 do not require exact alignment. The light reflecting inside 
the fiber 110 creates an evanescent wave 1306 on the surface of the fiber 110 
illuminating the fiber surface. In a DNA hybridization application, the fluid 
5 containing the chemical species or sample fragment 1308 could be a DNA fragment 
labeled with a fluoraphore. A probe DNA fragment 1310 is attached to the fiber 110 
as explained supra. If the structure of the sample fragment 1308 matches the structure 
of the probe DNA fragment 1310, the sample fragment 1308 will hybridize with the 
probe DNA fragment 1310 and remain at the fiber surface. Since the evanescent wave 

10 1306 only illuminates near the fiber surface, the sample fragment 1308 labeled with 
the fluoraphore will be illuminated and fluoresce if hybridized to a probe DNA 
fragment 1310, while mismatch DNA will not hybridize and therefore, not fluoresce, 
since it is not near the fiber surface. Thus, hybridization of the sample fragment 1308 
to a particular probe DNA fragment 1310 is indicated by the presence of fluorescent 

15 light when a sample fragment 1308 is injected into the channel 108 and exposed to the 
fibers 110. If the interaction between the sample fragment 1308 and the probe DNA 
fragment 1310 causes an increase or decrease in the absorbance of a particular 
wavelength of light, the area around a contact point 1 12 will emit either a greater or 
lesser quantity of light as compared with contacts point 112 where no interaction 

20 occurred. The intensity of this evanescent wave 1306 exponentially dissipates with 
distance from the surface of the fiber 110 and almost disappears beyond 300 
nanometers. Therefore, only the fiber 110, and the chemical species on the fiber, 
probe DNA fragment 1310, receiving the beam of light 1300 are illuminated. The 
material around the fiber 1 10 is not illuminated. Thus, the signal to noise ratio 

25 received by the light evaluating device or detector is improved. Because of their 

selective illumination, the optical fiber arrays of the invention can be advantageously 
used with assays where the chemical species in solution is labeled with a fluorophore 
without first having to remove the excess, unreacted labeled species. The labeled 
species only produce a detectable fluorescence signal if they interact with the 

30 chemical species immobilized on optical fiber 110; labeled species free in solution are 
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not illuminated and do not fluoresce. Of course, where desired, the excess urriabeled 
chemical species can be removed prior to detection. 

It should be appreciated that the wavelength of light used for 
illuminating the fibers will depend upon the optical absorption band of the fluorescent 
5 molecule. In addition, the light evaluating device needs to be able to detect the 
excitation light. 

Referring to FIGS. 12 and 13, after measuring the light at a given 
contact point 1 12, or set of contact points along a given fiber 110, or set of fibers, the 
light evaluating device 1208 may be moved, manually or automatically, to the next 

10 contact point 1 12, or set of contact points along the same fiber 1 10, or next set of 
fibers. Alternatively, there may be a light evaluating device 1208 fixed at each 
contact point 112. Once all of the contact points 112 along a given fiber, or set of 
fibers, have been evaluated, the motion device 1206 may move the light source 1204 
and the focusing lens 1302 to the next fiber 1 10, or set of fibers, such that the beam of 

15 light 1300 is aligned appropriately with the end of the next fiber 110, set of fibers. 
Alternatively the light evaluating device 1 108 may be fixed, and the array 1 102 may 
be moved as described supra. It should be appreciated, however, that any contact 
point 1 12, or set of contact points may be evaluated in any sequence and in any time 
interval. One advantage of selectively illuminating certain fibers or groups of fibers, 

20 compared to illuminating the entire plate, is a reduction in noise from fibers and 

contact points that are adjacent to those being evaluated by the light evaluating device 
1208. This reduces the potential confusion as to which contact points 1 12 are being 
observed. 

FIG. 14 shows a perspective view of an embodiment of a channel 108 
25 used in a fiber array in connection with the use of a light source to illuminate the 

fibers 110. As shown, the bottom of the channel 108 has multiple curves positioned 
beneath where each fiber 110 would lay. In addition, the channel 108 may have a 
reflective coating 1400. The curvature of the bottom of the channel 108 and the 
reflective coating 1400 act to reflect the light back towards the light evaluating device 
30 to improve the strength of the light signal received from each contact point. The 

reflective coating 1400 may be made from any material that reflects light, such as, for 
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example, aluminum, gold and mixtures thereof. Furthermore, the reflective coating 
1400 may be multi-layered. It should be appreciated that while only one channel 108 
is shown, each channel 108 may be similarly designed. 

FIG. 15 is an end view of another embodiment of the channels 108 
5 shown in FIG. 14, and FIG. 16 is a side view of the embodiment shown in FIG. 15. 
The amount of fluorescent light 1500 collected into the detector optic 1502 can be 
increased by designing the curve of the channels 108 to reflect light in a preferred 
direction. A preferred detector optic 1502 is a fiber optic with a much larger diameter 
than the fiber 110. The detector optic 1502 directs the collected light into a-photo- 

10 detector 1504, producing an electrical signal that is proportional to amount of light 
1500. The preferred photo-detector 1504 is a solid-state diode or a photo multiplier 
tube. The channel curving can be in all dimensions, and the reflection efficiency may 
vary, but the general intent is to redirect light into the detector optic 1502 that would 
otherwise be lost into the channel substrate 1506. 

1 5 FIG. 1 7 is another embodiment of a fiber array reader 1 700. An electrical 

signal is sent from a photo-detector 1702 through a cable 1704 to an analog to digital 
converter 1706 where a digital signal is generated for interpretation and plotting by a 
computer 1708. For example, the signal data 1722 could be plotted as intensity 1710 
over time 1712. The fiber array 1714 can be arranged in a circular arrangement as 

20 shown to allow for continuous reading of the fibers 110. A motor 1716 rotates a hub 
1718, supporting the fiber array 1714, at some specified rate, such as for example one 
revolution per second. A laser 1720 is fixed such that the light from laser 1720 forms 
a focused line at the fiber-end, as discussed supra. In other words, the fibers 110 are 
sequentially rotated into the focused line of laser light. Because the laser line or plane 

25 is much narrower than the spacing between the fiber's 1 10 diameters, the fibers need 
not be accurately placed along that line for the light to enter the fiber. Furthermore, 
the fibers need not be accurately aligned in the orthogonal dimension either, as the 
fibers 1 10 are guaranteed to rotate into a fixed line of light. 

A heater/cooler 1724 uniformly controls the temperature of the fiber array 

30 1714. The signal from each fiber 1 10 is analyzed each rotation of the hub 1718 and a 
plot for each fiber mix-point is generated independent of any other fiber. 
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Furthermore, the temperature is ramped over a range guaranteed to pass though the 
optimum temperature for binding of a mobile and an immobilized chemical species. 
The optimum temperature for DNA hybridization is the optimum hybridization 
temperature for that particular probe, as each probe has a different optimum 
5 hybridization temperature. Thus, each probe is observed at its optimum hybridization 
even though each probe in the fiber array 1714 has a different optimum hybridization 
temperature. 

FIG. 1 8 shows yet another embodiment of a fiber array reader 1 800. In the 
case of very long fiber arrays 1814, the fiber array 1814 can be rolled into a format 

10 similar to a typical audio-cassette tape. In this configuration, one or more motors (not 
shown) move the array off one hub 1818 and onto another hub 1820 with each fiber 
110 passing under a fixed detector optic 1826. Heater/cooler units 1824 may be 
provided in both hubs 1818 and 1820. A laser 1870 is also provided. An ultrasonic 
mixing device 1804, preferably fixed in space, may be added to improve mixing of the 

15 fluids. 

FIG. 19 is still another embodiment of a fiber array according to the 
present invention. The fiber array 1900 comprises a circular support plate 1902 with 
the fibers 110 radially disposed on the support plate 1902 such that one end of each 
fiber 1 10 is near the center of the support plate 1902 and the other end of the fiber 110 

20 is near the outer perimeter of the support plate 1902. The fiber array 1900 also 
comprises a plurality of channels 1904 in the support plate 1902. Although the 
channels 1904 may be arranged in any fashion or pattern on the support plate 1902, 
preferably, the channels 1904 are arranged in concentric circles; however, it should be 
appreciated that it is not necessary to have a channel which traverses an entire 

25 concentric circle. For example, a channel 1904 may simply be the length of a portion 
of a concentric circle or an arc. The light source 1906 and focusing lens 1908 act to 
project and direct the beam of light 1910 to the end of each of the fibers 1 10. In this 
embodiment, rather than move the light source 1906 and the focusing lens 1908 to 
align the beam of light 1910 with each fiber 110, the support plate 1902 is rotated 

30 such that each fiber 1 10 is aligned with the beam of light 1910. Again, a motion 

detection system (not shown) having motion sensors may be used to monitor the exact 
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positioning of the support plate 1902 to provide exact alignment with the beam of 

light 1910. A cover 1912 may also be provided. 

No image is necessary for the various readers, so a single diode may 

collect the information. The signal from this diode can be quickly converted from 
5 analog to digital and recorded, reducing the amount of data as compared to a camera 

system. Since the detection system is simple and inexpensive, it is feasible to detect 

many channels simultaneously, greatly increasing the throughput. 

Furthermore, because the evanescence wave does not travel far beyond 

the fiber surface, the sample can remain in the channel during hybridization, avoiding 
10 washing and allowing real-time reading. Thus, the fluorescent signal can be 

monitored while temperature is ramped. Rather than a snap-shot information, 

information on hybridization over time is collected, providing much higher specificity 

and real time monitoring. 

The fiber arrays may contain 100,000 or more fibers that could be 
1 5 quickly detected by these readers and many channels may be read simultaneously, 

resulting in a high density of information. 

The light-source may also directly illuminate the mix points through 

the fiber to reduce stray light and unwanted reflections. Thus, reducing the noise 

level. In a desirable contrast, the signal level is higher because the cylindrical shape 
20 of the fiber focuses fluorescence rays passing through it. This focusing results in the 

collection of fluorescence rays that otherwise would be lost. 

Furthermore, only the fibers are illuminated, avoiding the wasteful 

process of flood illuminating the entire surface area, and thus, reducing the amount of 

illumination power needed. 
25 Any of the above reader embodiments may include an adaptive filter to 

filter out common noise such as reflecting light. To calibrate the system all detectors 

are activated when no chemical species is present. All detectors are then set to zero 

using mathematical manipulation such as a transfer function. The chemical species is 

then added to the system. Any change in signal from the detectors is therefore caused 
30 by the added chemicals species. 
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In yet another aspect of the invention, the fibers 110, which have been 
described above, are incorporated into a fiber wheel mixing system for contacting at 
least two chemical species. It should be appreciated that the fiber wheel mixing 
system may be used for any of the chemical interactions described previously in 
5 connection with the fiber array. The fiber wheel mixing system generally includes a 
container for receiving a mobile chemical species and a wheel including fibers having 
a chemical species immobilized thereon. FIGS. 20 through 26 and 30 and 31 show 
various embodiments of the fiber wheel mixing system. FIGS. 27 to 29 show various 
embodiments of a light evaluating system for detecting and evaluating light signals 

10 generated as a result of mixing between two chemical species. 

FIG. 20 is a perspective view of a wheel 2000 having a plurality of . 
fibers 201 1 each of which has a chemical species immobilized thereon. The wheel 
2000 has a top 2002, a bottom 2003, a perimeter sidewall 2004, and a longitudinal 
axis (not shown) that runs through a center wheel aperture 2006 in a direction parallel 

15 to the fibers 201 1 . Although the wheel 2000 may be shaped and sized to have any 
desired diameter and height, it is preferred to have an aspect ratio greater than 1 .0, 
where the aspect ratio is defined as a ratio of the wheel diameter to the wheel height 
(i.e., the vertical distance between the top 2002 and the bottom 2003 of the wheel 
2000). The size of the wheel 2000 may be adjusted in order to accommodate the 

20 desired number of fibers 201 1 to be disposed thereon and the pre-determined spacing 
therebetween. For example, a wheel having a diameter of about 63 mm can 
accommodate on its sidewall up to 1,000 fibers (200 or less in diameter) while 
maintaining 200 ixm of center-to-center distance between the adjacent fibers. The 
wheel diameter may range from 5 to 10 cm, although greater or less wheel diameters 

25 may be preferred depending on the number of fibers 201 1 to be disposed and desirable 
spacing therebetween. The wheel 2000 may also include the center wheel aperture 
2006 for handling purposes which will be discussed in greater detail below. 

Still referring to FIG. 20, a plurality of the fibers 201 1 are disposed on 
the perimeter sidewall 2004 of the wheel 2000 via mechanical and/or chemical 

30 bonding. The fibers 201 1 are preferably aligned parallel to each other and in a 

direction parallel to the longitudinal axis of the wheel 2000. The fibers 201 1 may also 
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be arranged to maintain a uniform spacing therebetween. The sidewall 2004 .may 
include a plurality of grooves 2005, each of which extends from the top 2002 and 
terminates at the bottom 2003 of the wheel 2000. The grooves 2005 are shaped and 
sized to receive the fibers 201 1 and to facilitate the alignment of the fibers 201 L The 
5 grooves 2005 may also be shaped to retain the fibers 201 1 . In addition, it should be 
appreciated that the grooves may being optically curvatious to reflect the light into the 
detectors in a manner which promotes optimum collection efficiency. It should be 
appreciated that any geometic curvature of the grooves may be used to reflect light to 
the detectors. 

10 FIG. 21 is a perspective view of a cylinder 2100 having a plurality of 

fibers 201 1 each having immobilized thereon a chemical species. The cylinder 2100 
preferably has a length much greater than its diameter such that the fibers 201 1 can be 
of any desired length along a surface 2103 of the cylinder 2100. For example, the 
fibers 201 1 may be 5 to 10 centimeters in length on the surface 2103 of the cylinder 

15 2100 which may have a diameter of about 63 mm. The cylinder 2100 may include a 
center cylinder aperture 2106 for ease of handling. Once disposed with the fibers 
201 1, the cylinder 2100 may be pre-cut and/or pre-perforated at pre-described lengths 
in order to pre-form a plurality of wheels 2000 readily separable in a direction 
perpendicular to a longitudinal axis of the cylinder 2100. It should be appreciated that 

20 the cylinder may be comprised of separate wheels that are connected using a fastener, 
such as a snap, or adhesive, such as glue or tape, so that after the fibers are placed on 
the cylinder, the wheel may be easily separated. The wheel 2000 having a pre- 
described height can then be prepared by separating an end wheel unit 2000 from the 
rest of the cylinder 2100, for example, by applying mechanical force, such as a knife 

25 or water jet, heat, such as laser cutting, or by other separation methods known in the 
art. One or more wheels 2000 can be separated from the cylinder 2100 with care 
taken not to contaminate the chemical species from one fiber onto another. Wheels 
2000 and cylinders 2100 may be made of a materials similar to that of the fiber array. 
The surface of the wheel 2000 and the cylinder 2100 may also be provided with 

30 features such as low-fluorescence or a reflective coating, for example, the cylinder 
may be made of plastic having a vapor deposited gold coating. 
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FIG. 22 is a cross-sectional view of a wheel 2000 coupled to awheel 
rotation device 2201 through a rotational coupler, such as an axle 2202 positioned 
therebetween. By coupling one end of the axle 2202 to the wheel rotation device 
2201 and by fixedly coupling the other end of the axle 2202 to the wheel 2000 
5 through its center wheel aperture 2006, the wheel 2000 can be rotated by the wheel 
rotation device 2201, such as an electric motor, a manual rotation assembly, or other 
rotation devices known in the art. A sealing disk 2203 may be positioned between the 
wheel 2000 and the wheel rotation device 2201. The disk 2203 is preferably shaped 
and sized according to the dimension of the container such that the disk 2203 may 

10 serve as a cover plate that sealingly engages the container, as will be described later. 
The disk 2203 is loosely constrained by the axle 2202 which passes through a center 
disk aperture 2204. A bottom surface of the disk 2203 may be shaped to be concave 
toward the top 2002 of the wheel 2000 in order to minimize rotational friction 
therebetween. A lock washer 2205 may also be provided on top of the disk 2203 and 

15 arranged to lightly press both the wheel 2000 and the disk 2203 downwardly. It 

should be appreciated that the axle 2202 is only one example of the rotational coupler 
that may be used to couple the wheel 2000 to the wheel rotation device 2201 . For 
example, a cylinder 2100 and a wheel 2000 may be fabricated without any center 
apertures 2006, 2106 therein. One of skill in the art would recognize that such wheels 

20 2000 without center wheel aperture 2006 can be coupled to and rotated by the wheel 
rotation device 2201 using other rotational couplers such as a vacuum chuck, magnet, 
and other rotatable coupling elements known in the art. 

FIG. 23 is a cross-sectional view of a container 2300 coupled to a 
container rotation device 2306. The container 2300 is capable of receiving and 

25 storing the mobile chemical species therein and receiving at least a portion of the 

perimeter sidewall 2004 of the wheel 2000. The container 2300 is preferably an open 
cylinder having a top opening 2301, a cavity 2302, and container sidewalls 2305. The 
cavity 2302 is defined by a cavity sidewall 2303 and a cavity bottom surface 2304. 
Because the container 2300 is to receive the wheel 2000 therein, the configuration of 

30 the container 2300 is determined by the shape and size of the wheel 2000. In addition, 
the container 2300 is also arranged to form an annular chamber gap with pre- 
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described dimensions between the cavity sidewall 2303 and the perimeter sidewall 
2004 of the wheel 2000 (the chamber gap is shown in FIG. 25, i.e., an annular ring- 
shaped space that upon rotation will be filled with the mobile chemical species 2310). 
The chamber gap generally has a thickness less than a few centimeters and preferably 
5 within the range of 0.5 to 1.5 mm. The cavity bottom surface 2304 may be shaped to 
be concave upward to minimize rotational friction against the bottom 2003 of the 
wheel 2000 and to preferentially displace the mobile chemical species 2310 toward 
the cavity sidewall 2303. The container 2300 is generally made of inert material and 
preferably of low cost material so that it can be disposed after use. The container 

10 sidewall 2305 and/or cavity sidewall 2303 may be made of flexible material similar to 
that of the fiber arrays. It should be appreciated that the container may generally be 
made of materials the same as or similar to the fiber arrays. 

Still referring to FIG. 23, the container 2300 is mechanically coupled 
to the container rotation device 2306 through a platform 2307 positioned 

15 therebetween. A top surface of the platform2307 is shaped and sized to receive the 
container 2300 such that the container rotation device 2306 can rotate the platform 
2307 along with the container 2300. The platform 2307 may include a heating 
element 231 1, a temperature sensor 2312 or a temperature controller 2313 for heating 
the fluid stored in the container 2300 and controlling the temperature thereof. 

20 FIG. 24 is a cross-sectional view of a fluid delivery system 2400 

according to the present invention. In general, a fluid pathway 2401 is embedded 
inside the wheel 2000 and terminates at one or more inlet ports 2402 and outlet ports 
2403. The mobile chemical species is loaded through the inlet port 2402, moves 
through the fluid pathway 2401 toward the outlet port 2403, and is discharged into the 

25 chamber gap (shown in FIG. 25) formed between the cavity sidewall 2303 and the 

perimeter sidewall 2004 of the wheel 2000. Gravity, capillary force, centrifugal force, 
and/or electomotive force may be used as the driving force for moving the mobile 
chemical species through the fluid pathway 2401. A filter (not shown) may be 
provided at the inlet and/or outlet ports 2402, 2403, or along the fluid pathway 2401 

30 in order to remove undesirable substances from the mobile chemical species. 
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Filtration may be accomplished by adsorption, absorption, filtration or other filtering 
mechanisms known in the art. 

FIGS. 25 and 26 are a cross-sectional view and a top-plan view of a 
fiber wheel mixing system 2500, respectively. In operation, the mobile chemical 
5 species 2310 is loaded into the cavity 2302 of the container 2300 by the fluid delivery 
system 2400 described above (shown in FIG. 31). Alternatively, the mobile chemical 
species 2310 may be directly loaded into the container cavity 2302 with a syringe or 
pipette or by other manual or automated means. As illustrated in FIGS. 25 and 26, the 
fiber wheel mixing system 2500 is assembled by positioning the wheel 2000 inside 

10 the container cavity 2302, by fitting the disk 2203 onto the top opening 2301 of the 
container 2300, by sealingly engaging the disk 2203 around the top opening 2301, and 
by forming a closed space for containing the mobile chemical species 2310. The 
wheel 2000 and the container 2300 are rotated by the corresponding rotation devices 
2201, 2306. The speed and duration of the rotation may vary depending on the 

15 chemical reaction rates and may range from seconds to hours. The mobile chemical 
species 2310 is then displaced toward the cavity sidewall 2303 by the centrifugal 
force, and forms an annular column of fluid 2310. In general, the thickness of the 
fluid column is determined by several factors such as the cavity diameter, cavity 
height, chamber gap dimension, and the amount of the mobile chemical species 2310 

20 loaded into the container cavity 2302. By filling the chamber gap with a pre- 
described amount of the mobile chemical species 2310, the chemical species 
immobilized on the fibers 201 1 of the wheel 2000 can contact the mobile chemical 
species 2310. 

It is appreciated that the wheel 2000 and the container 2300 are 
25 preferably counter-rotated at a speed enough to generate a turbulent mixing zone at 
the mix points. The turbulent mixing increases the contact efficiency and minimizes 
the amount of the chemical species required for efficient mixing therebetween. 
Rotational speeds necessary to form the turbulent mixing zone can be easily 
determined and confirmed by introducing an indicator or dye into the mixing zone and 
30 observing the mixing pattern therein, or by analyzing the intensity of the light signals 
emanating from the fibers 201 1 which will be discussed in greater detail below. One 
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of skill in the art would recognize that rotating only one of the wheel 2000 or the 
container 2300 can also generate a similar turbulent mixing zone. 

Clearances 2501, 2502 may be provided at the contacting zones 
between the disk 2203 and the wheel 2000, and between the wheel 2000 and the 
5 cavity bottom surface 2304. These clearances 2501, 2502 minimize the rotational 
friction and may serve as an additional fluid channel through which the mobile 
chemical species 2310 can be displaced during rotation from a cavity center toward 
the cavity sidewall 2303. 

FIGS. 27 and 28 show two embodiments of a light evaluating system 

10 2700 for detecting light signals generated as a result of mixing two or more chemical 
species. The light evaluating system 2700 typically includes a light source 2701, light 
guiding devices 2702a, 2702b, and a light detecting device 2703. The light source 
2701, such as a laser or an arc lamp, produces a beam of light 2705 with the desired 
wavelength that is directed to one end of the fiber 271 1. Appropriate light source 

15 2701 and desired wavelength of the light can be selected by methods similar to those 
described above in connection with the fiber array 100. For purposes of the present 
invention, the fibers 201 1 are preferably optical fibers, details of which have already 
been described above. The light source 2701 is located under the platform 2307 such 
that the light beam 2705 is directed to the end of the fiber 201 1 and internally reflects 

20 therein. The reflected light beam 2705 creates an evanescent wave on a surface of the 
fiber 201 1 illuminating the chemical species attached thereto. Because the intensity 
of the evanescent wave exponentially dissipates with distance from the surface of the 
fiber 201 1 (almost disappearing beyond 300 nm), the chemical species is illuminated 
but not the material surrounding the fiber 201 1, i.e., only the fiber 201 1 fluoresces. 

25 More specifically and as described above, only those locations along each fiber 201 1 
where some type of interaction between the chemical species has occurred will 
produce a detectable signal such as fluorescence. The light guiding device such as a 
focusing lens 2702a and a reflecting mirror 2702b may be used to collect photons 
generated by fluorescence from the fibers 201 1 and to focus the photons into the light 

30 detecting device 2703. Examples of such light guiding devices include, but are not 
limited to, lenses, mirrors, prisms, and other optical elements known in the art. The 



CAl -233524.1 



light guiding device 2702a, 2702b as well as optional reflective coating on the 
perimeter sidewall 2704 of the wheel 2000 directs more photons into the light 
detecting device 2703, thereby improving the signal-to-noise ratio of the detected light 
signals. 

5 In operation, after measuring the light signal at a given mix point or 

along a given fiber 271 1, the wheel 2000 is sequentially rotated either manually or 
automatically. The rotation places a new mix point and/or a new fiber into the field of 
the light evaluating system 2700 and aligns the light beam 2705 into an end of the 
new fiber. It is appreciated that an optional light guiding device may be positioned 

10 between the light source 2701 and the platform 2307 to focus the light beam 2705 on 
the end of the fiber 201 1 . An optional motion device 2704 may be used to move the 
light source 2701 and/or the light guiding devices 2702a, 2702b along a perimeter of 
the wheel 2000 to properly align the light beam 2705 with the end of each fiber 201 1 . 
In addition, an optional motion detecting system with motion sensors (not shown), 

15 such as infrared light sensors, may be used to monitor the position of the motion 
device 2704. 

FIG. 29 shows another embodiment of a light evaluating system 2900. 
The photons collected into the light detecting device 2703 generate electric current in 
proportion to the number of photons detected. This electrical signal is amplified, 

20 processed, and plotted over time by an electrical device 2901, e.g., an oscilloscope or 
computer. As described above, after measuring the light signal at a given mix point or 
along a given fiber 201 1, the wheel 2000 is sequentially rotated and a new mix point 
or a new fiber is brought into the field of the light evaluating system 2900. The light 
beam 2705 is aligned into an end of the new fiber and the above procedures are 

25 repeated. 

FIGS. 30 and 31 illustrate another embodiment of a fiber wheel mixing 
system 3000 including a wheel assembly 3001 and a multi-cavity container 3010. 
FIG. 30 is a cross-sectional view of the system 3000 along a rotational coupler, such 
as a rotation axle 3002. FIG. 31 is a cross-sectional view of the system 3000 in a 
30 direction perpendicular to the rotation axle 3002 of FIG. 30. The wheel assembly 

3001 includes multiple wheels 2000 vertically positioned along the rotation axle 3002 
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through their center wheel apertures 2006, and is rotatably coupled to the wheel 
rotation device 2201 . The multi-cavity container 3010 consists of a top portion 301 1 
and a bottom portion 3012, and each of top and bottom portions 301 1, 3012 includes 
top and bottom dividers 3013, 3014, respectively. The top portion 301 1 and top 
5 dividers 3013 are arranged to fit over the bottom portion 3012 and corresponding 

bottom dividers 3014 such that multiple cavities 3015 form within the container 3010. 
The multi-cavity container 3010 may also be rotatably coupled to the container 
rotation device 2306. 

In operation, the wheel assembly 3001 is assembled and positioned 

10 inside the bottom portion 3012 of the multi-cavity container 3010 such that about a 
lower half of each wheel 2000 is received by a corresponding cavity 3015 of the 
bottom portion 3012. The top portion 301 1 is then sealingly engaged over the bottom 
portion 3012, and each cavity 3015 sealingly separates a corresponding wheel 2000 
from its neighbors. The mobile chemical species 3010 is loaded into each cavity 3015 

15 either directly with a syringe or pipette or through a fluid delivery system similar to 
the one described in FIG. 24. At least one of the wheel assembly 3001 or the multi- 
cavity container 3010 is rotated by the corresponding rotation devices 2201, 2306, 
thereby contacting the second immobilized chemical species with the mobile chemical 
species 3020 stored in the cavities 3015. One skilled in the art would recognize that 

20 each cavity 3015 may be loaded with different chemical species and that each wheel 
2000 may be disposed with fibers immobilized with different chemical species. 
Because the processing time for multiple samples is not much greater than that for 
processing a single sample, the multi-wheel-multi-chamber system of FIGS. 30 and 31 
offers a benefit of reducing labor cost per sample. It is appreciated that other features 

25 and advantages of the fiber wheel mixing system 2000 described in FIGS. 20 through 
27 equally apply to the multi-wheel-multi-chamber system 3000 of FIGS. 30 and 31. 
For example, the wheel assembly 3001 and the multi-cavity container 3010 can be 
counter-rotated at a speed enough to generate a turbulent mixing zone at the mix 
points. 

30 In a further embodiment of the invention, instead of fibers, an array of spots or 

dots of a chemical species may be incorporated into the wheel mixing system. These 
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spots preferably form a cylindrical micro-array on an outer surface of a wheel: The 
spots may be immobilized onto a distinct substrate which is capable of transmitting 
light, or directly onto the outer perimeter of the wheel itself, where the wheel is made 
of a light transmitting material. The chemical species immobilized onto the substrate 
5 may either be directly applied onto the wheel, onto the substrate positioned around the 
circumference of the wheel or onto a flat substrate which is later conformed to the 
shape of the wheel. Light entering the light transmitting material from a laser, forms 
an evanescent wave close to the perimeter surface of the wheel which using the reader 
described above, is used to detect binding of the chemical species. The light 

10 transmitting material is preferably a glass material. 

The fiber wheel mixing apparatus provides a high-quality apparatus for 
contacting different chemical species. Because the fibers can be easily tested to 
determine the quality of immobilization of the chemical species on the fiber, high 
quality fibers can be preferentially selected for use on the wheel. 

15 In addition, the fibers of the present invention are completely dried 

after being immobilized with a chemical species and before being disposed on the 
wheel. Accordingly, contamination between mix points may be prevented, since there 
is little possibility of splattering one chemical species onto another, as can be the case 
with robot spotting. 

20 The fiber wheel mixing apparatus is also relatively easy to use. The 

sample containing a mobile chemical species is simply loaded into the container with 
a syringe or pipette or by an appropriate fluid delivery apparatus. The wheel is placed 
into the container and a rotation device is activated. In case post-mixing washing 
should be necessary, the wheel can be removed from the container and dipped into a 

25 washing solution. Signals generated as a result of mixing can be detected and 
evaluated in a number of ways. The container can be discarded after use, thus 
eliminating the need for washing containers and reducing the potential for 
contamination. 

Furthermore, by rotating both the wheel and the container in opposite 
30 directions, the fiber wheel mixing apparatus creates a turbulent mixing zone around 
the mix points. The turbulent mixing dramatically increases the contact efficiency. 
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Due to such a highly efficient mixing mechanism, only a minimum amount of the 
second immobilized chemical species is required for mixing and analysis, which is far 
less than that of more conventional approaches. 

The fiber wheel mixing apparatus also significantly improves the 
5 signal-to-noise ratio of the signals. For example, the light detecting device can 
analyze the light signals directly emanating from the mix points. With little stray to 
cause undesirable reflections, the noise collected by the light detecting device should 
be very low. In a desirable contrast, the amount of photons collected into the light 
detecting device is high because the wheel geometry, lenses, mirrors, and reflectors 

10 focus very high percentages of the light signal into the light detecting device. The 
high signal-to-noise ratio also provides significant improvement in the dynamic range 
and sensitivity of the fiber wheel mixing apparatus by two orders of magnitude over 
typical conventional spotting techniques. 

Those of skill in the art will recognize that the fiber arrays of the 

1 5 invention can be used in virtually any assay where detecting interactions between to 
chemical species is desired. For example, the fiber arrays can be conveniently used to 
screen for and identify compounds which bind a receptor of interest, such as peptides 
which bind an antibody, organic compounds which bind an enzyme or receptor or 
complementary polynucleotides which bind (hybridize to) one another. However, the 

20 arrays of the invention are not limited to applications in which one chemical species 
binds another. The arrays of the invention can also be used to screen for and identify 
compounds which catalyze chemical reactions, such as antibodies capable of 
catalyzing certain reactions, and to screen for and identify compounds which give rise 
to detectable biological signals, such as compounds which agonize a receptor of 

25 interest. The only requirement is that the interaction between the two chemical 
species give rise to a detectable signal. Thus, the fiber arrays of the invention are 
useful in any applications that take advantage of arrays or libraries of immobilized 
compounds, such as the myriad solid-phase combinatorial library assay methodologies 
described in the art. For a brief review of the various assays for which the fiber arrays 

30 of the invention can be readily adapted, see Gallop et al., 1994, J. Med. Chem. 

37:1233-1251; Gordon et al., 1994, J. Med. Chem. 37:1385-1401; Jung, 1992, Agnew 
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Chem. Pat. Ed. 31:367-386; Thompson & Ellman, 1996, Chem Rev. 96: 555/600, and 
the references cited in all of the above. 

The fiber arrays of the invention are particularly useful for applications 
involving hybridization of nucleic acids, especially those applications involving high 
5 density arrays of immobilized polynucleotides, including, for example, de novo 
sequencing by hybridization (SBH) and detection of polymorphisms. In these 
applications, conventional immobilized polynucleotide arrays typically used in the art 
can be conveniently and advantageously replaced with the fiber arrays of the 
invention. For a review of the various array-based hybridization assays in which the 

10 fiber arrays of the invention find use, see U.S. Patent No. 5,202,231 ; U.S. Patent No. 
5,525,464; WO 98/31836, and the references cited in all of the above. 

Based on the above, those of skill in the art will recognize that the 
chemical species immobilized on the fiber can be virtually any types of compounds, 
ranging from organic compounds such as potential drug candidates, polymers and 

15 small molecule inhibitors, agonists and/or antagonists, to biological compounds such 
as polypeptides, polynucleotides, polycarbohydrates, lectins, proteins, enzymes, 
antibodies, receptors, nucleic acids, etc. The only requirement is that the chemical 
species be capable of being immobilized on the fiber. 

In a preferred embodiment, the chemical species immobilized on the 

20 fiber is a polynucleotide. Typically, the polynucleotide will be of a strandedness and 
length suitable for format II and format IK SBH and related applications. Thus, the 
polynucleotide will generally be single-stranded and be composed of between about 4 
to 30, typically about 4 to 20, and usually about 5, 6, 7, 8, 9, 10, 1 1, 12, 13, 14, or 20 
nucleotides. However, it will be recognized that the fiber arrays of the invention are 

25 equally well suited for use with format I SBH, and related applications, where an 
immobilized target nucleic acid is interrogated with solution-phase oligonucleotide 
probes. Thus, the polynucleotide can be any number of nucleotides in length and be 
either single- or double-stranded, depending on the particular application. 

The polynucleotide may be composed entirely of deoxyribonucleotides, 

30 entirely of ribonucleotides, or may be composed of mixtures of deoxy- and 

ribonucleotides. However, due to their stability to RNases and high temperatures, as 
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well as their ease of synthesis, polynucleotides composed entirely of 
deoxyribonucleotides are preferred. 

The polynucleotide may be composed of all natural or all synthetic 
nucleotide bases, or a combination of both. While in most instances the 
5 polynucleotide will be composed entirely of the natural bases (A, C, G, T or U), in 
certain circumstances the use of synthetic bases may be preferred. Common synthetic 
bases of which the polynucleotide may be composed include 3-methlyuracil, 5,6- 
dihydrouracil, 4-thiouracil, 5-bromouracil, 5-thorouracil, 5-iodouracil, 6-dimethyl 
amino purine, 6-methyl amino purine, 2-amino purine, 2,6-diamino purine, 6-amino- 

10 8-bromo purine, inosine, 5-methyl cytosine, and 7-deaza quanosine. Additional non- 
limiting examples of synthetic bases of which the polynucleotide can be composed 
can be found in Fasman, CRC Practical Handbook of Biochemistry and Molecular 
Biology, 1985, pp. 385-392. 

Moreover, while the backbone of the polynucleotide will typically be 

1 5 composed entirely of "native" phosphodiester linkages, it may contain one or more 
modified linkages, such as one or more phosphorothioate, phosphoramidite or other 
modified linkages. As a specific example, the polynucleotide may be a peptide 
nucleic acid (PNA), which contains amide interlinkages. Additional examples of 
modified bases and backbones that can be used in conjunction with the invention, as 

20 well as methods for their synthesis can be found, for example, in Uhlman & Peyman, 
1990, Chemical Review 90(4):544-584; Goodchild, 1990, Bioconjugate Chem. 
1(3):165-186; Egholm et al., 1992, J. Am. Chem. Soc. 114:1895-1897; Gryaznov et 
al., J. Am. Chem. Soc. 1 16:3143-3144, as well as the references cited in all of the 
above. 

25 While the polynucleotide will often be a contiguous stretch of 

nucleotides, it need not be. Stretches of nucleotides can be interrupted by one or more 
linker molecules that do not participate in sequence-specific base pairing interactions 
with a target nucleic acid. The linker molecules may be flexible, semi-rigid or rigid, 
depending on the desired application. A variety of linker molecules useful for spacing 

30 one molecule from another or from a solid surface have been described in the art (and 
have been described more thoroughly supra); all of these linker molecules can be used 
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to space regions of the polynucleotide from one another. In a preferred embodimen t 
of this aspect of the invention, the linker moiety is from one to ten, preferably two to 
six, alkylene glycol moieties, preferably ethylene glycol moieties. 

The polynucleotide can be isolated from biological samples, generated 
5 by PCR reactions or other template-specific reactions, or made synthetically. 

Methods for isolating polynucleotides from biological samples and/or PCR reactions 
are well-known in the art, as are methods for synthesizing and purifying synthetic 
polynucleotides. Polynucleotides isolated from biological samples and/or PCR 
reactions may, depending on the desired mode of immobilization, require 
10 modification at the 3'- or 5-terminus, or at one or more bases, as will be discussed 

more thoroughly below. Moreover, since the polynucleotide must typically be capable 
of hybridizing to another target nucleic acid, if not already single stranded, it should 
preferably be rendered single stranded, either before or after immobilization on the 
fiber. 

15 Depending on the identity of the chemical species and the fiber 

material, the chemical species can be immobilized by virtually any means known to 
be effective for immobilizing the particular type of chemical species on the particular 
type of fiber material. For example, the chemical species can be immobilized via 
absorption, adsorption, ionic attraction or covalent attachment. The immobilization 

20 may also be mediated by way of pairs of specific binding molecules, such as biotin 
and avidin or streptavidin. Methods for immobilizing a variety of chemical species to 
a variety of materials are known in the art. Any of these art-known methods can be 
used in conjunction with the invention. 

For adsorption or absorption, fiber 1 1 can be conveniently prepared by 

25 contacting the fiber with the chemical species to be immobilized for a time period 
sufficient for the chemical species to adsorb or absorb onto the fiber. Following 
optional wash steps, the fiber is then dried. When the chemical species is a 
polynucleotide, the various methods described in the dot-blot or other nucleic acid 
blotting arts for immobilizing nucleic acids onto nitrocellulose or nylon filters can be 

30 conveniently adapted for use in the present invention. 
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For immobilization by ionic attraction, if not inherently charged, the 
fiber is first activated or derivatized with charged groups prior to contacting it with 
the chemical species to be immobilized, which is either inherently oppositely charged 
or has been modified to be oppositely charged. 
5 For immobilization mediated by way of specific binding pairs, the fiber 

is first derivatized and/or coated with one member of the specific binding pair, such as 
avidin or streptavidin, and the derivatized fiber is then contacted with a chemical 
species which is linked to the other member of the specific binding pair, such as 
biotin. Methods for derivatizing or coating a variety of materials with binding 

10 molecules such as avidin or streptavidin, as well as methods for linking myriad types 
of chemical species to binding molecules such as biotin are well known in the art. For 
polynucleotide chemical species, biotin can be conveniently incorporated into the 
polynucleotide at either a terminal and/or internal base, or at one or both of its 5 f - and 
3 ? - termini using commercially available chemical synthesis or biological synthesis 

15 reagents. 

In a preferred embodiment of the invention, the chemical species is 
covalently attached to the fiber, optionally be way of one or more linking moieties. 
Unless the fiber inherently contains reactive functional groups capable of forming a 
covalent linkage with the chemical species, it must first be activated or derivatized 

20 with such reactive groups. Typical reactive groups useful for effecting covalent 

attachment of chemical species to the fiber include hydroxyl, sulfonyl, amino, cyanate, 
isocyanate, thiocyanate, isothiocyanate, epoxy and carboxyl groups, although other 
reactive groups as will be apparent to those of skill in the art may also be used. 

A variety of techniques for activating myriad types of fiber materials 

25 with reactive groups suitable for covalently attaching chemical species thereto, 

particularly biological molecules such as polypeptides, proteins, polynucleotides and 
nucleic acids, are known in the art and include, for example, chemical activation, 
corona discharge activation; flame treatment activation; gas plasma activation and 
plasma enhanced chemical vapor deposition. Any of these techniques can be used to 

30 activate the fiber with reactive groups. For a review of the many techniques that can 
be used to activate or derivatize the fiber, see Wiley Encyclopedia of Packaging 
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Technology, 2d Ed., Brody & Marsh, Ed., "Surface Treatment," pp. 867-874, 'John 
Wiley & Sons, 1997, and the references cited therein. Chemical methods suitable for 
generating amino groups on preferred glass optical fibers are described in Atkinson & 
Smith, "Solid Phase Synthesis of Oligodeoxyribonucleotides by the Phosphite Triester 
5 Method," In: Oligonucleotide Synthesis: A Practical Approach, M J Gait, Ed., 1985, 
IRL Press, Oxford, particularly at pp. 45-49 (and the references citedtherein); 
chemical methods suitable for generating hydroxyl groups on preferred optical glass 
fibers are described in Pease et aL, 1994, Proc. Natl. Acad. Sci. USA 91:5022-5026 
(and the references cited therein); chemical methods suitable for generating functional 
10 groups on fiber materials such as polystyrene, polyamides and grafted polystyrenes are 
described in Lloyd- Williams et a/., 1997, Chemical Approaches to the Synthesis of 
Peptides and Proteins, Chapter 2, CRC Press, Boca Raton, FL (and the references 
cited therein). Additional methods are well-known, and will be apparent to those of 
skill in the art. 

15 For fibers coated with a conductor, such as gold, the chemical species 

can be attached to the conductor using known chemistries. For example, a 
polynucleotide can be covalently attached to a gold-coated fiber using the methods 
described in Heme & Taylor, 1997, J. Am. Chem. Soc. 1 19:8916-8920. This 
chemistry can be readily adapted for covalently immobilizing other types of chemical 

20 species onto a gold-coated fiber. 

Depending on the nature of the chemical species, it can be covalently 
immobilized on the activated fiber following synthesis and/or isolation, or, where 
suitable chemistries are known, it may be synthesized in situ directly on the activated 
fiber. For example, a purified polypeptide may be covalently immobilized on an 

25 amino-activated fiber, conveniently by way of its carboxy terminus or a carboxyl- 
containing side chain residue. Alternatively, the polypeptide can be synthesized in 
situ directly on an amino-activated fiber using conventional solid-phase peptide 
chemistries and reagents (see Chemical Approaches to the Synthesis of Peptides and 
Proteins, Lloyd- Williams et a/., Eds., CRC Press, Boca Raton, FL, 1997 and the 

30 references cited therein). Similarly, a purified polynucleotide bearing an appropriate 
reactive group at one or more of its bases or termini can be covalently immobilized on 
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an isothiocyanate- or carboxy-activated fiber, or alternatively, the polynucleotide can 
be synthesized in situ directly on a hydroxyl-activated fiber using conventional 
oligonucleotide synthesis chemistries and reagents (see Oligonucleotide Synthesis: A 
Practical Approach, 1985, supra, and the references cited therein). Other types of 
5 compounds which can be conveniently synthesized by solid phase methods can also 
be synthesized in situ directly on a fiber. Non-limiting examples of compounds which 
can be synthesized in situ include Bassenisi and Ugi condensation products (WO 
95/02566), peptoids (Simon et al., 1992, Proc. Natl. Acad. Sci. USA 89:9367-9371), 
non-peptide non-oligomeric compounds (Dewitt et al., 1993, Proc. Natl. Acad. Sci. 

10 USA 90:6909-6913) and 1,4 benzodiazepines and derivatives (Bunin et al., 1994, 
Proc. Natl. Acad. Sci. USA 91:4708-4712); Bunin & Ellman, 1992, J. Am. Chem. 
Soc. 114:10997-10998). 

Those of skill in the art will recognize that when using in situ chemical 
synthesis, the covalent bond formed between the immobilized chemical species and 

15 the fiber must be substantially stable to the synthesis and deprotection conditions so as 
to avoid loss of the chemical species during synthesis and/or deprotection. For 
polynucleotides, one such stable bond is the phosphodiester bond, which connects the 
various nucleotides in a polynucleotide, and which can be conveniently formed using 
well-known chemistries {see, e.g., Oligonucleotide Synthesis: A Practical Approach, 

20 1985, supra). Other stable bonds suitable for use with hydroxyl-activated fibers 
include phosphorothiate, phosphoramidite, or other modified nucleic acid 
interlinkages. For fibers activated with amino groups, the bond could be a 
phosphoramidate, amide or peptide bond. For fibers activated with epoxy functional 
groups, a stable C-N bond could be formed. Suitable reagents and conditions for 

25 forming such stable bonds are well known in the art. 

In one particularly convenient embodiment, a polynucleotide is 
immobilized on a fiber by in situ synthesis on a hydroxyl-activated fiber using 
commercially available phosphoramidite synthesis reagents and standard 
oligonucleotide synthesis chemistries. In this mode, the polynucleotide is covalently 

30 attached to the activated fiber by way of a phosphodiester linkage. The density of 

polynucleotide covalently immobilized on the filter can be conveniently controlled by 
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adding an amount of the first synthon {e.g., N-protected 5MD-dimethoxytritylr2'- 
deoxyribonucleotide-3-O-phosphoramidite) sufficient to provide the desired number 
of synthesis groups on the fiber, and capping any unreacted hydroxyl groups on the 
fiber with a capping reagent (e.g., 1,4-diaminopyridine; DMAP). After the excess 
5 hydroxyls have been capped, the trityl group protecting the S'-hydroxyl can be 
removed and synthesis of the polynucleotide carried out using standard techniques. 
Following synthesis, the polynucleotide is deprotected using conventional methods. 

In an alternative embodiment, a polynucleotide is covalently attached 
to the activated fiber through a post-synthesis or post-isolation conjugation reaction. 

1 0 In this embodiment, a pre-synthesized or isolated polynucleotide which is modified at 
its 3 -terminus, 5-terminus and/or at one of its bases with a reactive functional group 
(e.g. epoxy, sulfonyl, amino or carboxyl) is conjugated to an activated fiber via a 
condensation reaction, thereby forming a covalent linkage. Again, substantially 
stabile (i.e., non-labile) covalent linkages such as amide, phosphodiester and 

15 phosphoramidate linkages are preferred. Synthesis supports and synthesis reagents 
useful for modifying the 3 - and/or S-terminus of synthetic polynucleotides, or for 
incorporating a base modified with a reactive group into a synthetic polynucleotide, 
are well-known in the art and are even commercially available. 

For example, methods for synthesizing 5-modified oligonucleotides 

20 are described in Agarwal et al., 1986, Nucl. Acids Res. 14:6227-6245 and Connelly, 
1987, Nucl. Acids Res. 15:3131-3139. Commercially available products for 
synthesizing 5-amino modified oligonucleotides include the N-TFA-C6- 
AminoModifer™, N-MMT-C6-AminoModifer™ and N-MMT-C12- 
AminoModifier™ reagents available from Clontech Laboratories, Inc., Palo Alto, 

25 California. 

Methods for synthesizing S'-modified oligonucleotides are described in 
Nelson et aL, 1989, Nucl. Acids Res. 17:7179-7186 and Nelson et al., 1989, Nucl. 
Acids Res. 17:7187-7194. Commercial products for synthesizing 3-modified 
oligonucleotides include the 3'-Amino-ON™ controlled pore glass and Amino 
30 Modifier II™ reagents available from Clontech Laboratories, Inc., Palo Alto, 
California. 
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Other methods for modifying the 3 f and/or 5' termini of 
oligonucleotides, as well as for synthesizing oligonucleotides containing appropriately 
modified bases are provided in Goodchild, 1990, Bioconjugate Chem. 1:165-186, and 
the references cited therein. Chemistries for attaching such modified oligonucleotides 
5 to materials activated with appropriate reactive groups are well-known in the art (see, 
e.g., Ghosh & Musso, 1987, Nucl. Acids Res. 15:5353-5372; Lund et aL, 1988, Nucl. 
Acids Res. 16:10861-10880; Rasmussen et aL, 1991, Anal. Chem. 198:138-142; Kato 
& Ikada, 1996, Biotechnology and Bioengineering 51:581-590; Timofeev et aL, 1996, 
Nucl. Acids Res. 24:3142-3148; O'Donnell et aL, 1997, AnaL Chem. 69:2438-2443). 

10 Methods and reagents for modifying the ends of polynucleotides 

isolated from biological samples and/or for incorporating bases modified with reactive 
groups into nascent polynucleotides are also well-known and commercially available. 
For example, an isolated polynucleotide can be phosphorylated at its 5-terminus with 
phosphorokinase and this phosphorylated polynucleotide covalently attached onto an 

1 5 amino-activated fiber through a phosphoramidate or phosphodiester linkage. Other 
methods will be apparent to those of skill in the art. 

In one convenient embodiment of the invention, a polynucleotide 
modified at its 3 1 - or 5'-terminus with a primary amino group is conjugated to a 
carboxy-activated fiber. Chemistries suitable for forming carboxamide linkages 

20 between carboxyl and amino functional groups are well-known in the art of peptide 
chemistry (see, e.g., Atherton & Sheppard, Solid Phase Peptide Synthesis, 1989, IRL 
Press, Oxford, England and Lloyd- Williams et aL, Chemical Approaches to the 
Synthesis of Peptides and Proteins, 1997, CRC Press, Boca Raton, FL and the 
references cited therein). Any of these methods can be used to conjugate an amino- 

25 modified polynucleotide to a carboxy-activated fiber. 

In one embodiment, the carboxamide linkage is generated using 
N,N,N 1 ,N , -tetramethyl (succinimido) uronium tetrafluoroborate ("TSTU") as a 
coupling reagent. Reaction conditions for the formation of carboxyamides with TSTU 
that can be used in conjunction with nucleic acids are described in Knorr et aL, 1989, 

30 Tet. Lett. 30(15):1927-1930; Bannworth & Knorr, 1991, Tet. Lett. 32(9):1 157-1 160; 
and Wilchek et aL, 1994, Bioconjugate Chem. 5(5):491-492. 
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Whether synthesized directly on the activated fiber or immobilized on 
the activated fiber post-synthesis or post-isolation, the chemical species can optionally 
be spaced away from the porous substrate by way of one or more linkers. As will be 
appreciated by those having skill in the art, such linkers will be at least Afunctional, 
5 i.e., they will have one functional group or moiety capable of forming a linkage with 
the activated fiber and another functional group or moiety capable of forming a 
linkage with another linker molecule or the chemical species. The linkers may be 
long or short, flexible or rigid, charged or uncharged, hydrophobic or hydrophilic, 
depending on the particular application. 

10 In certain circumstances, such linkers can be used to "convert" one 

functional group into another. For example, an amino-activated fiber can be 
converted into a hydroxyl-activated fiber by reaction with, for example, 3 -hydroxy- 
propionic acid. In this way, fiber materials which cannot be readily activated with a 
specified reactive functional group can be conveniently converted into a an 

15 appropriately activated fiber. Chemistries and reagents suitable for "converting" such 
reactive groups are well-known, and will be apparent to those having skill in the art. 

Linkers can also be used, where necessary, to increase or "amplify" the 
number of reactive groups on the activated fiber. For this embodiment, the linker will 
have three or more functional groups. Following attachment to the activated fiber by 

20 way of one of the functional groups, the remaining two or more groups are available 
for attachment of the chemical species. Amplifying the number of functional groups 
on the activated fiber in this manner is particularly convenient when the activated 
fiber contains relatively few reactive groups. 

Reagents for amplifying the number of reactive groups are well-known 

25 and will be apparent to those of skill in the art. A particularly convenient class of 
amplifying reagents are the multifunctional epoxides sold under the trade name 
DENACOL™ (Nagassi Kasei Kogyo K.K.). These epoxides contain as many as four, 
five, or even more epoxy groups, and can be used to amplify fibers activated with 
reactive groups that react with epoxides, including, for example, hydroxyl, amino and 

30 sulfonyl activated fibers. The resulting epoxy-activated fibers can be conveniently 
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converted to a hydroxyl-activated fiber, a carboxy-activated fiber, or other activated 
fiber by well-known methods. 

Linkers suitable for spacing biological or other molecules, including 
polypeptides and polynucleotides, from solid surfaces are well-known in the art, and 
5 include, by way of example and not limitation, polypeptides such as polyproline or 
polyalanine, saturated or unsaturated bifunctional hydrocarbons such as 1-amino- 
hexanoic acid and polymers such as polyethylene glycol, etc. For polynucleotide 
chemical species, a particularly preferred linker is polyethylene glycol (MW 100 to 
1000). 1,4-Dimethoxytrityl-polyethylene glycol phosphoramidites useful for forming 

10 phosphodiester linkages with hydroxyl groups of hydroxyl-activated fibers, as well as 
methods for their use in nucleic acid synthesis on solid substrates, are described, for 
example in Zhang et al., 1991, Nucl. Acids Res. 19:3929-3933 and Durand et aL, 
1990, Nucl. Acids Res. 18:6353-6359. Other methods of attaching polyethylene glycol 
linkers to activated fibers will be apparent to those of skill in the art. 

1 5 Regardless of the mode of immobilization, fibers 1 1 can be prepared in 

a batch- wise fashion where lengths of fiber are immersed in the solutions necessary to 
effect immobilization of the chemical species. Alternatively, fibers 11 can be 
prepared in a flow-through method in which the fiber is continuously flowed through 
reservoirs containing the solutions necessary to effect immobilization. 

20 FIG. 32 is one embodiment for preparation of the fiber for use in the 

fiber array according to the present invention in a batch-wise fashion. The fibers 3202 
are attached to a fiber holder 3204 comprising fiber grippers 3206 which hold the 
fiber 3202. The fiber holder 3204 permits the fiber to be easily supported and 
transported and can be attached to any mechanical device (not shown) to 

25 automatically transport the fibers 3202. A dipping vessel 3208 is a vessel that can 
contains a fluid to be contacted with the fibers 3202. In operation, the fibers 3202 are 
attached to the fiber grippers 3206, and the fiber holder 3204 lowers the fibers 3202 
into a solution contained in the dipping vessel 3208. The fiber holder [1304] 3204 
then removes the fibers [1302] 3202 from the dipping vessel [1308] 3208 . It should 

30 be appreciated that the fibers may be sequentially placed into different dipping vessels 
each containing different solutions depending upon the chemical species to be 
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immobilized on the fibers and the method used for immobilization. After the- 
chemical species has been immobilized on the fibers, the fibers may be loaded onto a 
support plate or stored for future use. If the fibers are stored, refrigeration may be 
necessary depending upon the chemical species on the fibers. 
5 It is projected that with the present invention, once the fibers have been 

prepared as described, 100 fibers, each 10 cm in length, could be laid per second on a 
10 cm support plate thereby producing 1,000,000 contact points. It should be 
appreciated that laying the fibers on the support plate only requires accurate placement 
in a direction parallel to the channels to insure the fiber rests in the grooves on the 

10 channel walls. Since the fiber can be placed anywhere in the direction parallel to the 
fiber, placing the fiber on the support plate is relatively simple. 

FIG. 33 is a process flow diagram of another embodiment for 
preparation of the fiber in a flow-through method for use in the fiber array according 
to the present invention. A motor 3301 is used to pull a fiber 3304 from a fiber spool 

15 3302 containing a length of material desired to be used for the fibers 3304. If it is 
desired to coat the fiber 3304 with a conductive coating, the fiber 3304 is first pulled 
through a conductive coating vat 3306 which contains a pool of conductive material to 
be coated on the fiber 3304. More specifically, the conductive coating vat 3306 
utilizes meniscus coating to apply the conductive coating to the fiber 3304, wherein 

20 the fiber 3304 is pulled through a narrow opening 3307 which only permits a thin 
layer of metal coating to be applied to the fiber 3304. It should be appreciated that a 
conductive coating is not required for use of the fiber array of the present invention. 
However, to utilize electro-osmosis, a metal or electrically conductive oxide coating is 
preferred. 

25 The fiber 3304 is then passed through a series of coating vats 3308, 

3310 depending upon the chemical species to be immobilized on the fibers and the 
method used for immobilization. Each coating vat may contain a different solution 
required to prepare the fiber and immobilize a given chemical species on the fiber. 

Lastly, the fiber 3304 is fed past the motor 3301 and is cut into desired 

30 lengths by cutting apparatus 33 12. It should be appreciated that any length of fiber 
may be generated depending upon the size of the fiber array matrix. The cutting 
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apparatus 3312 may be a laser or other means known in the art for cutting fibers or 
optical fibers. It should be appreciated that it is important to obtain a very clean and 
straight cut if the fiber 3304 is an optical fiber so that in use the beam of light directed 
at the end of the fiber is able to enter the fiber at the correct angle. Once cut, the 
5 fibers 1404 may be loaded onto a support plate or stored for later use. If the fibers are 
stored, refrigeration may be necessary depending upon the materials deposited on the 
fibers. 

Following preparation by either of the methods described above, a 
length of fiber can be conveniently analyzed to verify the quality of the 

10 immobilization process. For example, the chemical species immobilized on a portion 
of the fiber can be removed using conventional means and analyzed using any of a 
variety of analytical techniques, including, for example, gel electrophoresis (for 
polypeptides and polynucleotides), nuclear magnetic resonance, column 
chromatography, mass spectroscopy, gas chromatography, etc. Of course, the actual 

15 analytical means used to analyze the fiber will depend on the nature of the chemical 
species attached thereto, and will be apparent to those of skill in the art. 

While not preferred, fibers 110 may also be prepared, i.e., the chemical 
species may be immobilized to the fibers, while the fibers are disposed within the 
fiber array. In this embodiment, once the fibers are disposed in the support plate, the 

20 various fluids necessary to activate and/or immobilize the chemical species to the 
fiber are flowed into channels 108 to contact the fiber. This method is particularly 
convenient when it is desirable to immobilize different chemical species at different 
spatial addresses along the length of the fiber. 

The present invention is further directed to an apparatus and method 

25 for synthesizing a chemical compound on a fiber. The synthesized fibers are then 
used to fabricate fiber arrays discussed supra. This apparatus is a fiber array 
multiplicative synthesizer that implements a direct process of moving a fiber through 
a plurality of coating modules that synthesize one base onto the fiber. The coating 
modules can be stacked into columns with a fiber passing out of one module into the 

30 next module. Each module sequentially adds one base to the oligo. In one 

configuration, many columns of coating modules can be grouped into hubs, and those 
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hubs can be rotated relative to each other such that the number of different oitgos 
generated is much greater than the number of coating modules deployed, thus the 
name multiplicative synthesis. The fibers extracted from the multiplicative 
synthesizer system are directly loaded into a fiber array. After sealing, the fiber array 
5 is immediately ready as an analysis tool. In a second configuration, the modules are 
programmable to provide complex oligo configurations on-demand. . 

. FIG. 34 is a diagrammatic drawing of a multiplicative fiber array 
synthesizer 3420 according to the present invention. The fiber array synthesizer 3420 
comprises at least one, but preferably a plurality of, depositors 3422 where each of the 

10 depositors 3422 is capable of depositing a chemical species on a fiber 3426. The 
depositors 3422, as explained in further detail below, may comprise a plurality of 
baths, spray chambers, wicking mechanisms, or the like. The multiplicative fiber 
array synthesizer 3420 further comprises a transporter 3424. The transporter 3424 
may bring the fiber 3426 and the depositors 3422 into proximity with one another, as 

15 indicated by control lines 3430, in order to deposit at least one chemical species 

precursor on the fiber 3426 to form the chemical species. The transporter 3424 may 
move the depositors 3422 into proximity with the fiber 3426, the fiber 3426 into 
proximity with the depositors 3422, or both the depositors 3422 and the fiber 3426 
relative to one another. Alternatively, the transporter may comprise a fluid delivery 

20 system for delivering the chemical species precursors to each of said depositors 3422 
the control of which is again indicated by the control lines 3430. Specific examples 
of the transporter 3424 will be discussed in further detail below. A selector 3428 
controls the order in which each of the at least one chemical species precursor is 
deposited on the fiber 3426 from each of the depositors 3422. This may be done by 

25 controlling the transporter 3424 to move the depositors 3422 into proximity with the 
fiber 3426 in a predetermined order or by controlling the transporter 3424 to move the 
fiber 3426 into proximity with the depositors 3422 in a predetermined order. The 
selector 3428 may also control the order in which each of the at least one chemical 
species precursor is supplied to each of the depositors 3422 by the fluid delivery 

30 system. 
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FIG. 35A is a side view of one embodiment of depositors 3422 shown 
in FIG. 34. In this embodiment, each of the depositors 3422 comprise of at least one 
bath 3532 containing a chemical species precursor 3536. The chemical species 
precursor 3536 may for example comprise of a solution containing phosphoramodites 
5 or other solutions such as washing solvents. In a preferred embodiment, the 

transporter 3424 of FIG. 34 comprises a dipping mechanism for positioning the fiber 
3526 in the bath 3532. The dipping mechanism may comprise a conveyor system 
such as a series of rollers 3538 and 340 which frictionally engage with the fiber 3526 
to push the fiber 3526 through the bath 3532 and hence into contact with the chemical 

1 0 species 3536. The dipping mechanism may alternatively comprise a mechanism for 
dipping substantially straight lengths, or coils of the fiber 3526 directly into the bath 
3532 and the chemical species 3536. The fiber 3526 may be wound multiple times 
around an immersed roller 3540 to vary the resonance time of the fiber 3526, as the 
fiber 3526 is moved through the bath 3532 at a constant speed. This means that the 

15 more times the fiber 3526 is wound around the roller 3540, the longer the fiber 3526 
is exposed to the chemical species 3536. The roller 3540 may comprise of a cage like 
device which allows all points along the fiber 3526 at some time or another, to be 
exposed to the chemical species 3536. 

FIG. 35B is a perspective view of another embodiment of the 

20 invention. In this embodiment, the transporter 3424 of FIG. 34 comprises a bath 
transporter 3542 for moving the bath 3532, such that the chemical species precursor 
3536 is brought into contact with the fiber 3526. 

FIG. 35C is a side view of yet another embodiment of the invention. In 
this embodiment, the transporter 3424 of FIG. 34 comprises a fluid delivery system 

25 3544 which delivers different chemical species precursors or solutions into 3530 and 
out of 3548 the bath 3532. 

FIG. 36A is a side view of an embodiment of depositors 3422 shown in 
FIG. 34. In this embodiment, each of the depositors 3422 comprise of at least one 
spray chamber 3654 and a spray mechanism 3644 for spraying the chemical species 

30 precursor 3646 onto the fiber 3526. Again the chemical species precursor 3646 may 
for example comprise of a solution containing phosphoramodites or other solutions 
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such as washing solvents. In one embodiment, the transporter 3424 of FIG. 34 
comprises a fiber transportation mechanism such as a conveyor system 3656 which 
frictionally engages with the fiber 3526 to push the fiber 3526 through the spray 
chamber 3654. 

5 FIG. 36B is a side view of another embodiment of depositors 3422 

shown in FIG. 34. The transporter 3424 of FIG. 34 may alternatively comprise of a 
spray chamber transporter 3650 for bringing the spray chamber 3654 into proximity 
with the fiber 3526. 

FIG. 36C is a side view of yet another embodiment of depositors 3422 

10 shown in FIG. 34. In this embodiment, the transporter 3424 of FIG. 34 comprises a 
fluid delivery system 3658 which delivers 3660 different chemical species precursors 
or solutions to the spray mechanism 3644. 

FIG. 37A is a side view of an embodiment of depositors 3422 shown in 
FIG. 34. In this embodiment, each of the depositors 3422 comprise of at least one 

15 wicking mechanism 3762 for wicking a chemical species precursor 3764 onto the 

fiber 3526. Yet again the chemical species precursors may for example comprise of a 
solution containing phosphoramodites or other solutions such as washing solvents. 
The transporter 3424 of FIG. 34 comprises a fiber transportation mechanism such as a 
conveyor system 3766 which frictionally engages with the fiber 3526. 

20 FIG. 37B is a side view of another embodiment of depositors 3422 

shown in FIG. 34. The transporter 3424 of FIG. 34 comprises a wicking mechanism 
transporter 3760 for bringing the wicking mechanism 3762 into proximity with the 
fiber 3526. 

FIG. 37C is a side view of another embodiment of depositors 3422 
25 shown in FIG. 34. The transporter 3524 of FIG. 34 comprises a fluid delivery system 
3770 which delivers different chemical species or solutions to the wicking mechanism 
3762. 

In each of the above embodiments shown in FIGS. 35 A to 37C, a 
mechanism to vary the resonance time of the fiber 3526 may be provided. The 
30 selector 3428 of FIG. 34 may controls the transporter, in all of it's alternative 
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embodiments, to vary the order in which each of the plurality of chemical species 
precursors are deposited on the fiber 3526. 

FIG. 38 is a perspective view of a preferred embodiment of the 
invention, namely a fiber array multiplicative synthesizer 3802. Multiple spools 3804 
5 containing reeled-up fiber 3806 are mounted on a rotary platform 3808. The fibers 
3806 typically comprise a flexible thread like material, such as for example plastic or 
glass, and are wrapped around spools 3804 such that many meters can be stored but 
readily retrieved. The spools 3804 are equally spaced in a circular pattern about the 
platform 3808 with the fibers 3806 passing through the platform 3808. The platform 

10 3808 is fixed to motor 3810, and the motor 3810 is fixed to a support shaft 3812 that 
passes through the centers of the platform 3808 and both hubs 3814, 3818. Motor 
3816 is also fixed to the support shaft 3812. The platform 3808 is rotatable about the 
support shaft 3812. The platform 3808 may be rotated by a first rotation means 3810, 
such as a motor or the like. An upper hub 3814 is also rotatable about the support 

15 shaft 3812 and may be rotated by a second rotation means 3816 , such as a motor or 
the like. A lower hub 3818 is also rotatable about the support shaft 3812 and may be 
rotated by a third rotation means (not shown), such as a motor or the like. Hubs 38 14 
and 3818 both contain multiple coating modules 3820, preferably arranged in a 
cylindrical manner about support shaft 3812. Each coating module 3820 further 

20 comprises a series of depositors (best seen in FIG. 40) extending radially from the 
support shaft 3812. The fibers 3806 continuously pass through a set of coating 
modules 3820 with each module 3820 synthesizing a predetermined chemistry 
sequence or compound onto the fiber. The fibers 3806 pass through both hubs 3814 
and 3818. Fiber cutting devices 3822 (best seen in FIG. 39) are provided between the 

25 platform 3808 and hub 3814 and between hubs 3814 and 3818. The fiber cutting 
devices 3822 sever the fibers 3806 when a new synthesis sequence or chemical 
compound is desired. After the fibers 3806 pass through both hubs 3814 and 3818, 
they enter a deprotection / quality-control module 3824 and thereafter are supplied to 
the end-product, for example another spool or a fiber array 3826. A motor 3828 

30 moves the end-product to position multiple fibers thereon. It should be appreciated 
that hubs 3814 and 3818 are preferably cylindrical but may be of any suitable shape. 
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Corresponding to the circular arrangement of the fiber spools 3804, the 
coating modules 3820 are arranged to receive fiber 3806, continuously synthesizing 
one compound onto it, and output the fiber 3806 such that it can be introduced into an 
adjacent coating module 3820. For each fiber 3806, the modules 3820 are stacked on 
5 top of one another to generate the desired synthesis or compound. When a new 

synthesis sequence for the fibers 3806 is desired, the cutting modules 3822 (FIG. 39) 
sever each fiber 3806, and the lower hub 3818 is rotated relative to the upper hub 
3814. This rotation of the lower hub 3818 causes the fibers 3806 from the upper hub 
3814 to enter another module in the lower hub 3818 as the fibers 3806 of cut-length 

1 0 continues to pass through the lower hub 3818. In other words, the motion of fiber 
3806 through the system is not interrupted to change to a new synthesis sequence. 
The fiber may initially be manually fed through the modules, and once the fiber is cut, 
the fiber from the upper hub may naturally feed into the lower hub after it has rotated. 
Alternatively, the fiber may be fused with the end of an adjacent fiber located in the 

1 5 lower hub after it has been rotated. The fusing of fiber ends may be accomplished by 
mechanical, chemical or thermal means. 

FIG. 39 is an enlarged perspective view of the fiber cutting device 
3822 illustrated in FIG. 38. The fiber cutting device 3822 consists of a top 3902 and 
bottom 3904 circular saw blades in the location between the platform 3808 and the 

20 upper hub 3814. The top blade 3902 may be fixed to the motor 3810 that rotates the 
platform 3808 about the support shaft 3812. The bottom blade 3904 may be fixed to 
the stationary hub 3814. When the platform 3808 rotates to a new position, the fiber 
cutting device 3822 cuts all the fibers 3806 simultaneously between the platform 3808 
and the upper hub 3814. A similar fiber cutting device 3822 may also be located 

25 between hubs 3814 and 3818. The top blade 3902 of the fiber cutting device 3822 
may be fixed to the upper hub 3814. The bottom blade 3904 rotates with the lower 
hub 3818, cutting the fibers 3806 as it rotates. 

FIG. 40 is a side view of the coating module illustrated in FIG. 38. 
The coating module 3820 preferably consists of multiple containers 4002 containing 

30 liquids 4004 - 4016 through which a fiber 3806 may be continuously passed. The 
fiber 3806 is guided through the liquids 4004 - 4016 by small rollers 4018 and large 
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rollers 4020. The liquids 4004 - 4016 are of the correct chemical composition and 
concentration to add a DNA base to the fiber 3806. A preferred arrangement of 
liquids 4004-4016, listed in order of fiber contact, are: detritylation 4004, activator 
4006, phosphoramidite (base) 4008, capping agent A & B 4010, washing solution 
5 4012, oxidizer 4014, and a second washing solution 4016. The fiber 3806 preferably 
exits the coating module 3820 at the same rate that it enters, and at a composition that 
allows a subsequent (or the same) module 3820 to chemically add or synthesize 
another base onto the DNA chain. 

A plurality of modules 3820 can be stacked to add as many DNA bases 

10 onto a fiber 3806 as desired. For example, FIG. 41 shows three modules 4100-4104 
stacked so as to synthesize three bases onto the fiber 3806. The fiber 3806 is 
introduced from a spool 3804 that may contain many meters of fiber 3806. 

After the bases are synthesized onto the fiber 3806, the fiber 3806 
passes through a deprotection module 3824 where protection chemicals are removed. 

15 The removal process releases a small percentage of oligos that are tested by quality 
control sensors 4108. After deprotection, the fiber 3806 is positioned in channels on a 
plurality of fiber array substrates 3826. A motor 3828 moves the fiber arrays 3826 
such that the fibers fill all of the channels. Cutting means 4110 are provided before 
and between the fiber arrays 3826 to sever the fiber into short segments. 

20 FIG. 42 is an enlarged side view of the deprotection module illustrated 

in FIG. 38. The deprotection module 3824 removes deprotection groups 4208 that 
were added to an oligo 4210 during synthesis. This removal is implemented by 
exposing the oligos 4210 to a deprotection composition 4212 such as methyl aminine, 
to dissolve the deprotection groups 4208. In addition, to removing deprotection 

25 groups 4208, some of the oligos 4218 are extracted from the fiber 3806 for quality 
control purposes. This removal is implemented by applying two different types of 
linkers to hold the oligos 4210 onto the fibers 3806, namely cleavable 4214 and 
permanent 4216 linkers. The clevable linkers 4214 dissolve during the deprotection 
process while the permanent linkers 4216 do not. Most of the linkers are preferably 

30 permanent linkers 4216 such that only a small percentage of oligos 4210 are removed 
from the fiber 3806. The oligos 4218 removed will be passed through various quality 
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control sensors 2008, such as for example a liquid chromotography column 4202 for 
purity measurement, with an ultraviolet light detector 4204 and a mass spectrometer 
4206 for identification. 

FIG. 43 is an enlarged side view of another embodiment of a coating 
5 module 4302. In this configuration, the coating module 4302 is programmed to 
synthesize one of multiple bases solutions 4304 - 43 10, as selected by an operator, 
onto the fiber 3806. The base solutions preferably would be oglios A, C, G or T. The 
module 4302 may still contain the detritylation 4004, activator 4006, capping agents 
4010, wash-one 4012, oxidizer 4014, and wash-two 4016 - solutions. However, the 

10 module 4302 may additionally contain a bath for all bases 4304 - 4310 instead of only 
a bath containing one base 4008 as described in relation to the first configuration 3820 
(FIG. 40). The selector 3428 ( shown in FIG. 34) selects one of multiple actuators 
4312 - 4318 to push the fiber 3806 into contact with one of the multiple base solutions 
4304 - 4310, adding that base in the same process as described above. When a 

1 5 different base is desired, the extended actuator 43 1 2, 43 1 4, 43 1 6 or 43 1 8 is retracted 
and another actuator 4312, 4314, 4316 or 4318 extends the fiber into contact with a 
different base solution 4304 - 4310. This process is repeated as often as desired to 
synthesize an oglionucleotide onto the fiber 3806. This type of coating module 4302 
can be stacked as shown in FIG. 44, with fiber spools 3804, deprotection modules 

20 3824, and motor 3828 to lay the fibers 3806 into a plurality of fiber arrays 3826. 

One application for the present invention is DNA synthesis, in 
particular making every combination of a certain DNA length. For example, every 
combination of a 9 base long DNA fragment (oligo) would generate 262,144 different 
oligos (4 to the ninth power). Eight modules per fiber could generate a 9-base oligo if 

25 the fibers are loaded into the machine with one base already attached (see FIG. 17). 
However, to make 262,144 stacks of 8-high modules would be daunting. But, with 
this device, a relatively small set of modules can be arranged to multiply the number 
of different combinations generated. For example, 256 fibers can be passed through 
the upper hub with four-modules per fiber to synthesis every combination of four 

30 bases on those fibers (256). If the lower hub is arranged the same way (256 fibers x 4 
modules), the system would synthesize 256, 9-base oligos simultaneously - a small 
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subset of the 262,144 combinations required. However, when a subset of fibers is 
made, the fibers can be cut, and the lower hub rotated to make a second subset of fiber 
combinations. By repeating this process 256 times, 65,536 combinations of a 9-mer 
will have been synthesized (255 x 256). Now, the platform is rotated one fiber 
5 position and the whole process repeated another three times to synthesize every 9-mer 
combination of 262,144. 

Various embodiments of the invention have been described. The 
descriptions are intended to be illustrative of the present invention. It will be apparent 
to one of skill in the art that modifications may be made to the invention as described 

10 without departing from the scope of the claims set out below. For example, it is to be 
understood that although the invention has described various geometries for the 
support plate and the arrangement of the fibers and channels, other geometries are 
possible and are contemplated to fall within the scope of the invention. Further, 
although the invention has been illustrated with particular reference to 

15 oligonucleotides and nucleic acid sequencing, any use for contacting at least two 
chemical species is contemplated to fall within the scope of the invention. 
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